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This Cornputer: Interfacing Accessories and Logic Handbool< is your guide to - 
the most extensive line of products offered by Digital Equipment Corporation 
for implementing logic designs. Whether you need a connector block or a 
cable, a general-purpose logic module or a complete interface, a computer 
expansion box or a cabinet for an entire system — check this handbook first. 
If you already knbw the part number of the product you need, the Index at 
the back is the best place to start. Otherwise go to the relevant chapter. 

The major new products featured in this edition are the CHIPKIT series of 
integrated circuits. CHIPKITS allow exceptionally easy implementation of your . 
interface designs for LSi-11 microcomputers, and we have included an ex- 
tensive applications note in this handbook. 

The largest single portion of this handbook describes our M series of TTL 
modules. This line ranges from basic logic gates through complete digital 
subsystems that make extensive use of MSI and LSI circuitry. New in this 
edition are the M7800 and M7860 asynchronous serial interfaces for the 
PDP-11 series UNIBUS. . 

Also featured in this handbook are the K series of high noise-immunity in- 
dustrial-control modules, the A series of analog-related modules, and the W 
series of wire-wrappable modules, collage modules, and blank modules. 

The products in this handbook, including the mounting hardware, cables, 
and cabinets described in the last two'^ chapters, allow you to design and 
construct systems small or large, that are neat, modular, and compatible — 
with a minimum of lost time and effort. 

If you need unique functions that you don't find covered in this handbook, 
contact your local DIGITAL sales office. The hardware product you need may 
be available as a non-standard item, or could be provided by our Custom 
Module Products Group or Custom Enclosures Products Group. These groups 
can design, manufacture, and test not only modules, but also the hardware, 
accessories, and enclosures to make a complete system. 
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A worldwide staff of DIGITAL sales engineers is prepared to respond to your 
technical and commercial needs: ^From a backlog of logic system design ex- 
perience, DIGITAL may have a detailed solution to your application or inter- 
face requirement. 

A separate price supplement booklet is available for varioOT countries. 

Please address any comments on this handbook, or inquiries concerning 
special services, to: 

Digital Equipment Corporation 

Logic Products Sales Support, MK1-2/E 13 

Merrimack, NH 03054 



DIRECT SALES CATALOG 

We would also like to direct your attention to the latest concept in 
purchasing computer-related equipment — ^the DIGITAL Direct Sales 
Catalog. By ordering products directly through the Catalog, you 
may save substantial dollars. Many of the items (terminals, micro- 
computers, interface modules, hardware/accessories, etc.) in this 
Handbook are now available for purchasing through the Catalog. 
To find out if this Catalog program can benefit you, mail In now. 
the post card attached elesewhere in this book. The Catalog pro- 
gram is applicable to ordering and shipping points in the U.S.A. 
only. 
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LOGIC PRODUCTS FOR COMPUTER INTERFACING 




PERIPHERAL INTERFACE COMPUTER 



Figure 1 An Interface is a Bridge for Data Transfer 

Whenever an "outside world" device such as a terminal, printer, or lab instru- 
ment is to be used with a computer, an intermediate unit called an interface 
(Figure 1) is needed as a bridge for data transfer. The interface formats and^ 
controls communication of data, sometimes in both directions, and performs 
many essential functions in the process. For example, consider a terminal key- 
board being used for input to a PDP-11 series computer. A typical keyboard 
might send a few characters per second, in serial format at the 20 mA current- 
loop signal level. The PDP-11 UNIBUS, on the other hand, accepts only par- 
allel datj^at TTL signal levels, and requires a specific sequence of signals — 
the handshaking routine — ^to be sent and received before any data can be 
accepted. Data must be stored for a short time, as the computer is normally 
busy with another task at the instant a key is struck. Further, the start and 
stop codes must be stripped off, and a keyboard device number, status, task 
priority, and interrupt vector must be supplied. All of these requirements for 
translating the keyboard output into computer-usable form can be met by the 
suitable UNIBUS input interface. Interfaces also perform other functions in 
some cases, such as time-of-day clock generation. 

Although the number of possible interfaces is nearly infinite, fortunately there 
are certain common elements in all interfaces intended for a particular com- 
puter bus structure. This allows DIGITAL to offer you functional logic modules 
for building the basic I/O bus portion of any needed interface, freeing you to 
concentrate on designing the part that is unique to your own application. And 
for the more-usual peripheral devices, like the terminal just mentioned, we 
offer complete, plug-in, ready-to-go Interfaces — ^available off-the-shelf. 

To see wl>at interfaces and functional modules are available through this 
Handbook for your computer, check the appropriate Interface Selector chart: 

PDP-11 UNIBUS page 50 
PDP-8 OMNIBUS page 23 
LSI- 11 bus page 130 
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Product details are given right after the charts. If you need more technical 
information or applications assistance, call our toll-free Hot Line, 8:30AM 
to 5:00PM Eastern time, 800-258-1710. From New Hampshire locations, or 
places outside the continental U.S., call Merrimack, 603-884-6660. To order, 
see the How to Order section on Page 488. 

Even if no product in this Handbook meets your requirements, DIGITAL may 
still be able to supply a suitable item— possibly a brand-new or non-standard 
product, «r one custom designed and manufactured by our Custom Module 
Products Group or Custorji Enclosures Products Group. Check with your 
DIGITAL Field Sales contact, or call the Customer Service desk at your near- 
est Field Sales office. They can advise you of the part number, price, delivery, 
and support literature for any available- DIGITAL product, and route you to 
the person who can provide support in greater depth if needed. To discuss 
custom-designed hardware, contact Logic Products Sales Support at DIGITAL, 
MK1-2/E13, Merrimack, NH, 03054. 



RELATED LITERATURE 

Listed below are DIGITAL documents that supplement the material provided in 
this Handbook. These documents can be obtained from your nearest DIGITAL 
Field Sales office. 

HARDWARE/ACCESSORIES CATALOG EK 04517 

PDP-11 PERIPHERALS HANDBOOK EB 05961 

PDP-1 1/04/34/45/55/60 PROCESSOR HANDBOOK EB 09430 

PDP-8/E, 8/F, 8/M SMALL COMPUTER HANDBOOK EB 02546 

MICROCOMPUTER HANDBOOK EB 07948 

PDP-8/A MINIPROCESSOR HANDBOOK EB 06219 

A wide range of hardware and software manuals, configuration guides, and 
application notes is also available. 



2 



BASIC HARDWARE NOMENCUTURE 

Although DIGITAL nomenclature generally conforms to industry standards, a 
few terms are unique. These are presented in Figure 2, which shows a more- 
or-less typical subsystem that could contain several computer interfaces, 
assembled from products in this handbook. 
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Figure 2 Typical Subsystem 



MODULES are the heart of any system, and of this handbook. The term at 
DIGITAL refers to any plug-in printed circuit board, whether completely blank, v 
provided with IC pads and connections, or fully assembled as a working entity. 
Physically, modules are available in four "heights," two "lengths," and three 
"widths," as defined on the next few pages. 

A SYSTEM UNIT is a set of MODULE CONNECTOR BLOCKS in a MOUNTING 
FRAME which in turn mounts to an expansion mounting box or other support 
such as a rack panel. System units are available in several versions, four 
slots or nine slots wide, and with or without prewiring for power, ground 
and bus signals. The connector blocks and mounting frames are also avail- 
able separately. 

An EXPANSION MOUNTING BOX is a rack-mountable, fully enclosed chassis 
for circuitry that cannot be housed within a computer's own enclosure. Also 
known as expansion mounting chassis, they are available in several sizes and 
configurations. The example shown is the popular BAll-KE, used most often 
for expansion of PDP-11 systems. It has its own multivoltage power supply 
and cooling fans built in. 

IMPORTANT NOTE 

When you specify DIGITAL products, be sure to 
give the complete and correct type number. Pre- 
fixes and suffixes, where used, are highly sig- 
nificant. 
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MODULE CONTACT FINGER AND MODULE CONNECTOR BLOCK 
CONTACT IDENTIFICATION 

DIGITAL plug-in (FLIP CHIP) modules have contact fingers either on one 
side (single-sided modules) or on both sides (double-sided modules). Mod- 
ules with contact fingers on only one side always have them on side 2 (the 
solder side) (Figures 3, 4, 5, 6). DIGITAL module connector blocks have 
module slots with contacts either on one or on both sides. Modules with 
contact fingers on only one side can be plugged into connector blocks with 
contacts on both sides of the module slots; then electrical contact between 
the module and the connector block is only via module slot side 2 contacts. 
The module contact fingers and connector block contacts are identified by 
alphanumeric codes. These alphanumeric codes are used throughout this 
handbook, the HARDWARE ACCESSORIES CATALOG, the PERIPHERALS 
HANDBOOK, individual module data sheets, engineering drawings, and other 
DIGITAL publications. This coded numbering scheme^ must be understood to 
ensure proper system interconnections. Letters G. I, 0, Q, W, X, Y, and Z are 
not used in this numbering scheme. 

DIGITAL modules are SINGLE-HEIGHT, DOUBLE-HEIGHT, QUAD-HEIGHT, or 
HEX-HEIGHT; STANDARD LENGTH or EXTENDED LENGTH; and SINGLE- 
WIDTH or DOUBLE-WIDTH. Each DIGITAL module is a specific, fixed size; the 
size of each module is stated in the module description in the previously men- 
tioned DIGITAL publications. DIGITAL SINGLE-HEIGHT and DOUBLE-HEIGHT 
modules are STANDARD LENGTH or EXTENDED LENGTH. DIGITAL QUAD- 
HEIGHT and HEX HEIGHT modules are usually EXTENDED LENGTH. Any 
DIGITAL module can be SINGLE-WIDTH, DOUBLE-WIDTH or TRIPLE-WIDTH; 
most, however, are SINGLE-WIDTH. 

The height and length requirement is determined by the quantity and size of 
discrete components and integrated circuits located on side 1 of the module, 
and, to some extent, by the amount of etched printed circuitry on sides 1 
and 2. The width requirement is determined by the distance the largest 
component extends from its mounting surface on the module. 

All DIGITAL module connector blocks accommodate any height (standard or 
double) module. The length of the modules to be used in a logic system 
must, however, be considered when connector block mounting is being se- 
lected; enough space must be provided to accommodate the longest module. 
DIGITAL'S STANDARD-LENGTH modules are 5.40/5.60 in. (13.72/14.22 cm) 
long and EXTENDED LENGTH modules are 8.84/9.04 in. (22.58/22.96 cm) 
long from the bottom of the contact fingers to the top of the attached 
handle(s). 

All DIGITAL module connector blocks accommodate any width (single or 
double) module. The width of the module must be considered, however, 
when any connector block module slot is occupied by a DOUBLE-WIDTH 
module; this is because no module can be Inserted into the module slot on 
the immediate right on the same connector block unless that connector 
block provides sufficient space between module slots for the mounted com- 
ponents, i.e., an H808 Module Connector Block. DIGITAL'S SINGLE-WIDTH 
modules require 0.338/0.348 in. (0.859/0.884 cm) for conductive compo- 
nents yrtf 0.370/0.380 in. (0.940/0.965 cm) for nonconductive components. 
DOUBLE-WIDTH modules require 0.820/0.839 in. (2.106/2.131 cm) for con- 
ductive components and 0.870/0.880 in. (2.210/2.235 cm) for nonconduc- 
tive components. These component space requirements are the distance from 
the module's side 1 surface to the side 2 surface of the module mounted 
on the immediate right. Normal module spacing is on half-inch centers. 
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Connector blocks are available for SINGLE- and DOUBLE-HEIGHT modules. 
QUAD-HEIGHT modules require two connector blocks mounted end-to-end, 
and HEX-HEIGHT modules require three. Figure 7 shows modules in the 
various sizes as typically mounted in a system unit, and identifies the slots. 
Figure 8 gives the outline dimensions of the modules. 

SINGLE-HEIGHT modules (Figure 3) are 2.417/2.452 in. (6.139/6.228 cm) 
high, and are available in both standard and extended length. They can be 
plugged into either row of a double-height connector block. 

DOUBLE-HEIGHT modules (Figure 4) are 5.167/5.202 in. (13.124/13.213 
cm) high, and are available in both standard and extended length. They oc- 
cupy both slots of a double-height connector block, and a key on the block 
mates with a notch on the module to ensure that the module has been 
plugged m the correct way. 

QUAD-HEIGHT modules (Figure 5) are 10.437/10.472 in. (26.510/26.599 
cm) high, and are always of extended length. They occupy two slotted-end, 
double-height connector blocks, and are keyed to ensure correct insertion. 
HEX-HEIGHT modules (Figure 6) are 15.668/15.693 in. (39.796/39.860 cm) 
high, and are always of extended length. They occupy three slotted-end, 
double-height connector blocks, and are keyed to ensure correct Insertion. 




PIN VI 



PIN V2 



Figure 3 Single-Height Module 




SIDE 1 
COMPONENT SIDE 



SIDE 2 
SOLDER SIDE 



Figure 6 Hex-Height Module 
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MODULE CLEANING 

Occasionally, modules which have been in service for a long period of time 
may develop resistive coatings on their gold-plated fingers. This coating, if 
allowed to build up, can cause malfunctions by decreasing the noise margin 
of a circuit. 

There are two types of foreign material coatings which can develop on the 
gold-plated fingers of a module. The first type is INORGANIC. This type of 
contamination results when copper "bleeds" through the gold plating and 
oxidizes. This oxidized layer builds up and can cceate contact resistances of 
significant consequence. Inorganic contamination is strictly a matter'of time; 
however, extremely dirty environments will speed up the process. For this 
reason, care should be taken to locate modules and systems in an area as 
free from smoke, pollution, and other air-bound particles as possible. 

The second form of contamination involves ORGANIC substances, which 
usually are a result of careless handling, and are mainly made up of finger- 
prints, salts, and oils deposited when the modules are handled by the gold- 
plated fingers. Contamination by organic substances can be greatly reduced 
by careful handling of the modules. 

Although the backplane connectors are of the self-cleaning type (e.g. fingers 
and contacts clean upon insertion), it may become necessary to clean the 
module fingers to ensure reliable connection. When it has been determined 
fhat the module fingers are in need of cleaning, the following procedure is 
recommended. 
Inorganic Contaminants 

Immerse the fingers of the module in an ultrasonic bath of deionized water 
and adetergent, such as Liguinyx, for at lea'st 30 seconds. Repeat with pure 
deionized water only. * 

It is now necessary to remove the water from the module fingers. This should 
be done immediately following the ultrasonic rinse since water will damage 
the module fingers if allowed to remain. The water can be removed by im- 
mersing the module fingers in an ethanol or methanol bath to the same 
depth used during the ultrasonic cleaning. Never wipe or use an abrasive 
cleaner on the module fingers. If wiping is necessary, the use of K-Dry is 
recommended. 

Organic Contaminants 

After inorganic contaminants and water have been removed, organic materi- 
als may be removed by immersion of the module fingers in trichloroethane 
for at least 30 seconds. The fingers can then be allowed to dry or may be 
wiped clean with a very fine, non-abrasive material such as K-Dry towels, 
in no case should an eraser ever be used on module fingers. The use of 
abrasive cleaners or erasers on moduies wili be considered physical abuse 
to the module and may void the module warranty. 



SPECIAL SYMBOLS AND ABBREVIATIONS 

Logic symbols used in this handbook conform, in gerleral, to widely accepted 
MIL standards. All basic M Series logic symbols (AND, OR, NAND, NOR, 
Inverter, Flip-Flop) are described in the introduction to the M Series logic and 
control modules. • 
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Input Loading and Output Drive 

On the logic diagrams of tliis liandboolt, input and output loading, expressed 
in TIL unit loads, appear in boxes terminating each input or output signal 
line. In the 2-input NAND gate example of Figure 9, both inputs (pins Al 
and Bl) present one TTL unit load. The output (pin CI) is capable of driving 
10 TTL unit loads. The aarrows indicate the direction of signal flow. 




ARROWS SHOW DIRECTION 
OF SIGNAL FUOW 



Figure 9 Logic Diagram Input Loading and Output Drive Symbols 



Bus Drivers and Receivers 

Drivers and receivers that transfer data along the bidirectional transmission 
lines of fhe PDP-8/e, 8/f, 8/m, 8/a OMNIBUS, the PDP-11 UNIBUS. or the 

LSI-11 bus differ somewhat from similar TTL NAND gates or inverters. 
Typical examples are shown in Figure 10. The "B" in the loading box indicates 
that the driver or receiver circuit is to be connected to a bus signal or con- 
trol line. "R" identifies a line receiver and "D" identifies a line driver. Inputs 
to line receivers or drivers may also be standard TTL levels, in which case, 
TTL unit loads are sh^wn as usual in the loading box. 
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0 UNGATED BUS 
RECeiVER 



0 GATED BUS 
RECEIVER 



B BUS DRIVER 



DATA 
TO 
BUS 



DRIVE READ 
TO BUS FROM BUS 



DATA FROM 
BUS 



TYPICAL BUS TRANSCEIVER ARRAN6EMENT 



Figure 10 Bus Driver and Receiver Symbols 



Electrical characteristics of these circuits are described in the introduction 
to M Series Computer Interfacing Modules. 

Level Converters 

Whenever logic levels are translated from one set of voltages to another, the 
conversion is shown taking place in a square level-converter symbol. Inside 
the box, the corresponding logic levels are related in a simple truth table. 

The example of Figure 11 shows a level converter stage that accepts TTL 
levels (LOW and HIGH) and delivers DEC negative voltage levels (—3 V and 
ground). 

Input loading is two TTL unit loads. Whenever loading is peculiar, it is de- 
fined in a note on the drawing as in the output of Figure 11. 



0^ 



■j02 ^ 
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-V 






L 


0 





4*1 



M'SINKS ZOmA AT GROUND 



Figure 11 Typical Level Converter 
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Special Anal<^ Symbols 

Symbols used on analog circuit drawings to represent multiplex switches and 
operational amplifiers are shown in Figure 12. Loading boxes for analog inputs 
and outputs contain the letter "A"; do not connect such signals to logic 
levels. 



MULTIPLEX SWITCH (MOS FET) 



0- 



^8)— MS 




LOGIC 
CONTROL 
INPUT 



OPERATIONAL AMPLIFIER 



Figure 12 Special Aanalog Symbols 
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Signal and Function Names 

inputs and outputs of M Series logic modules may be assigned a signal 
name, a function name, or both. (See Figure 13.) Signal names appear out- 
side blocks or logic symbols to identify typical input or output signals. 



SIGNAL NAMES 



iNinAUZE 




■@BTP3H 



{^BINITL 



Figure 13 Signal and Function Names 



Digital Equipment Corporation uses standard terminology to name signal 
lines to aid the reader in determining their active state. Either an H or L 
follows the signal name mnemonic, separated by a space. This letter indi- 
cates the asserted (true) state of the signal. An H means the signal is as- 
serted when HIGH (+3 V) and an L means the signal is asserted when LOW 
(0 V). For example, a UNIBUS data line is called BUS DOO L and a grant 
line is called BUS BG4 H. 

On the logic diagrams of many computer interfacing modules in this hand- 
book, signal names peculiar to one computer, such as the PDP-11, appear 
as an example of typical usage. Signal names may be changed to those of 
another computer or Interfacing device if logically appropriate. 

Function names appear inside the blocks of functional modules. They Iden- 
tify the function of input or output signals. The user may add his own signal 
names. 

Abbreviations 

Abbreviations used in signal and function names in this handbook are de- 
fined in Table 1. 
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Table 

ABBREVIATIONS 
ALTN 
AM PL * 
ANLG 
BPS 
CAP 
CLR 
CMPR 
COM 
' CONT 
CVRSN 
DAC 
EXT 
GND 
H 

IN IT 

INT, INTR 

INTL 

L 

OUT 
P.I. 

POT 
PRGM 
REF 
/ RTN 
SER 
S.H. 
TRIG 



1 — ^Abbreviations 
DEFINITION ^ 

Alternate 
Amplifier 
Analog 

Bits Per Second 

Capacitor 

Clear 

Compare 

Common 

Control 

Conversion / 
Digital to Analog Converter 
External 
Ground 

High (TTL + 2.0 to +5.0 V Logic Level) 

Initialize 

Interrupt 

Internal 

Low (TTL 0.0 to 0.8 V Logic Level) 
Output 

Program Interrupt 
Potentiometer 
Program- 
Reference 
Return 
Serial 

Sample and Hold 
Trigger 
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MINICOMPUTER INTERFACING MODULES 

PDP-8, PDP-11 SERIES COMPUTERS- 
INTERFACING SELECTOR GUIDE 
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M SERIES MODULES FOR 
COMPUTER INTERFACING 

INTRODUCTION 

Design and support of interfaces for PDP computers is a major function of 
M Series modules. This edition of the Logic Handbook emphasizes a collec- 
tion'^of modules for interfacing to the following processors: 

INTRODUCTION 

Design and support of interfaces for PDP computers is a major function of 
M Series modules. This edition of the handbook emphasizes a collection of 
modues for interfacing to the following processors: 

— PDP-8 Family 

• PDP-8/A, 8/E, 8/F, 8/M (OMNIBUS) ^ 

—PDP-11 Family ^ 

This section consists of a separate subsection for each processor. Within 
each subsectiori| there is a brief overview of interfacing theory, an Interface 
Selector chart, and individual descriptions of related modules. 

PDP-8 FAMILY COMPUTER INTERFACING 

The PDP-8 family of computers remains the undisputed leader in the mini- 
computer industry with over 20,000 installations to date. Since its inception 
in 1964, the PDP-8 has been continually improved. Each model has become 
more powerful, more efficient, and faster. At the same time, system cost and 
size have been reduced to less than 25 percent of original figures. More im- 
portantly, these improvements have been made without sacrificing software 
and hardware compatibility. Programs written for the earliest PDP-8 can be 
run on the newest PDP-8; peripheral devices that operated with earlier PDP-8s 
can be made to operate with the latest PDP-8. 

This section contains hardware interfacing information and related I/O mod- 
ule descriptions for all PDP-8 models listed. 

OMNIBUS— PDP-8/A, 8/E, 8/F, 8/M 

The non-OMNIBUS-related modules are contained in the Traditional Modules 
section. 

PDP-8/A, 8/E, 8/F, 8/M (OMNIBUS) Interfacing ^ 

This subsection consists of general interfacing information for the PDP-8/A, 
8/E, 8/F, and 8/M processors, followed by detailed. descriptions of related 
modules. 

General OMNIBUS Interfacing Principles 

The PDP-8/A, 8/E, 8/F, and 8/M are the newest 12-bit word length proces- 
sors offered by DIGITAL. These processors utilize the OMNIBUS concept for 
transferring commands and^signals among modules within a system. 

Physically, the OMNIBUS is an etched board with rows of module connectors 
soldered to the board. The pin assignment is the same on all connectors. The 
OMNIBUS consists of 96 signals which feed to 96 pins on the connectors. 
The user is generally only concerned with those signals that control data 
transfers, address memory, or contain the data to be transferred. However, 
the additional signals, such as timing, are readily available on the OMNIBUS 
to accommod^e any tailor-made requirement in the event that the user 
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should design and build his own interface module. A single OMNIBUS assem- 
bly accommodates 20 PDP-8/A, 8/E, 8/F, or 8/M modules. 

The OMNIBUS bus structure employs bidirectional data and control lines plus 
a few undirectional control signals. Each bus line is a matched and termin- 
ated transmission line that must be received and driven with devices designed 
for that specific application. All M Series modules designed for interconnec- 
tions to the OMNIBUS employ special high-impedance bus driver and bus 
receiver circuits appropriate for such bus lines. All drivers (identified by a 
"D" in the logic symbol) are open-collector gates that control the bus through 
a wired-OR connection. All receivers (identified by the "R" in the logic sym- 
bol) are high-impedance gates that present a minimum of loading to the bus 
line. - 

A module may have unused bus driver or bus recieiver circuits that can be 
used with TTL devices, provided the following loading rules are observed: 

Receiver Loading: The bus receiver input presents two TTL unit loads (in the 
High State) to a TTL output and has a normal fan-out of 10. 

Driver Sink Capability: The open-collector bus drivers are capable of sinking 
at least 50 mA, with a collector voltage of 0.8 volts or less. The collector 
voltage, when not sinking current, must be less than -f 6 volts. Leakage cur- 
rent (in the High state) js less than 25 fiA. The input of a bus driver presents 
a singW TTL unit load to a TTL output. 

There are three types of data transfer: programmed data transfers, program 
interrupt transfers, and direct memory access transfers. Programmed data 
transfer is the easiest and most direct method of handling data I/O. Program 
interrupt transfers provide an extension of programmed I/O capabilities by 
allowing the peripheral device to initiate a data transfer. The data break sys- 
tem uses direct memory access for applications involving the fastest data 
transfer rates. 

Table 1 lists and describes the signals on the OMNIBUS-related processors 
that are used for programmed and interrupt I/O control. More complete de- 
scriptions for these and data break transfer signals are contained in the 
SMALL COMPUTER HANDBOOK. 



Table 1. OMNIBUS I/O Signal -Summary 



SIGNAL 



DEFINITION 



MDO-11 



I/O PAUSE L 

TP3H 

INTERNAL 
I/O L. 



Contains the device select code for an I/O instruction. Bits 
3-8 contain the device select code; bits 9-11 specify the 
operation select code within that device. 

Asserted py the processor when the instruction is an 1/0 in- 
struction (GXXXs). 

TP3H is normally used to clock data into the output buffer 
of an output interface. 

INTERNAL I/O is dsserted by the interface to indicate to the 
processor that the selected device is not on the Extetrnal 
I/O Bus. 
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Table 1. OMNIBUS I/O Signal Summary (Continued) 



SIGNAL 



DEFINITION 



DATAO-11 The 12 DATA lines called DATA BUS serve as a bidirectional 

bus for both input and output data between the AC register 
in the processor and the interface buffer register. 

C lines ' Signals CO, CI, C2 are asserted by the interface during I/O 

CO, CI, 02 instructions to notify the processor whether data is to be 

placed onto the DATA BUS or received from the DATA BUS 

by the processor. 

INT RQST L INT RQST is the method by which the device signals the 
processor that it must be serviced. The processor will then 
branch to a subroutine which issues a skip lOT to each 
device to identify the one that is interrupting. 

SKIP L Asserted by the interface as the result of a skip lOT if an 

interrupt is being requested. Used to identify the interrupt- 
ing device by causing the processor ^to skip the next in- 
_ struction. 

BUS BUS STROBE i^ used to load^the AC and PC registers. Un- 

STROBE L less special I/O operations are being performed, the de- 
signer of an interface need not concern himself with BUS 
STROBE. 

NOT LAST A ground level on this line indicates to the processor that 
XFER L the next BUS STROBE does not terminate the I/O trans- 

action. Typical I/O tranfers will not use this signal. . 

RUN L When low, RUN indicates that the machine is executing in- 

structions. Can be used to notify an interface 4hat the 
processor has stopped. 

TBI L v 

TS2 L 1 These are the internal machine cycle time states and time 

TS3 L I pulses. Each time state precedes its corresponding time 

■I-$4 L ( pulse. Time states are always 200 ns or more in duration, 

> and change 50 ns after the leading edge of the time pulse. 

TPl Hi Time pulses are lOO-ns positive-going pulses. The exact 

TP2 H j spacing of the timing pulses is a function of fast or slow 

TP3 H / cycle. Only TP3H is used in the typical interface. 

TP4 H ' 

INITIALIZE H INITIALIZE is a positive-going 600-ns pulse used to clear 
AC, LINK, and flags in peripherals. It is generated when 
power Is first applied to the processor, by the Clear key on 
the console and by lOT 6007. 



The following is a brief summary of the basic sequence of I/O transactions 
for programmed data transfers and interrupt data transfers. This information 
is provided here as a general reference aid; detailed descriptions are con- 
tained in the SMALL COMPUTER HANDBOOK and MINIPROCESSOR HAND- 
BOOK. 
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For programmed data transfers, the computer progran;) issues an input/ 
output instruction to, first, select the desired peripheral and, second, direct 
the peripheral to generate certain operating control, signals called lOTs. The 
input/output instructions are transmitted to the peripheral via the MD 
(Memory Data) lines 00 through 11. Each peripheral contains circuitry that 
monitors the MD lines. MD03 through MD08 carry a device selection code 
which is unique for each peripheral. Lines MD09 through MDll carry com-' 
mand operate signals that the selected peripheral must translate into one of 
eight lOT functions for that device. Signal I/O PAUSE is also generated by 
the processor at this time. I/O PAUSE notifies all peripherals that the MD 
lines contain an I/O instruction. Note that the interface does not have to 
monitor MD lines 0-2 to detect a 6h. I/O PAUSE occurs after the MD lines 
have settled and is used to actually gate the device select and the operation 
codes into the interface. » 

The lOT functions vary depending upon the type of peripheral but generally, 
they consist of sampling and clearing status flags and reading, loading, and 
clearing data buffers. For data inputs into the processor, the interface bus 
drivers are enabled by the appropriate lOT. For data outputs from the pro- 
cessor, the lOT is gated with TPS H. and the resulting signai is used to load 
the desired output register. The Control lines (CO, CI, C2) must be con- 
figured by the device interface during an I/O instruction to notify the pro- 
cessor of the type of transfer that will occur between the device and the 
processor. These lines control the data path within the processor and de- 
termine if data is to be placed onto the data lines (output)^ or received from 
the data lines (input). The INTERNAL I/O signal must also be generated to 
notify the processor that an extended cycle is not needed. 

The interrupt facility is a more efficient method of I/O transfer. This method 
includes all of the above elements of programmed data transfers except the 
time of transfer. Instead of waiting for the processor to check the~periph- 
eral, the peripheral signals the processor that it has data to be serviced by 
asserting the INT RQST line. The processor interrupt system detects the INT 
RQST signal and enters a subroutine to determine the identity of the request- 
ing device by sending an I/O instruction to each peripheral which causes the 
SKIP line to be asserted if the peripheral is asserting the interrupt signal. 
When this identity has been established, a servicing subroutine causes the 
peripheral to enter a normal programmed data transfer sequence. 
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PDP-8 OMNIBUS-REUVTED INTERFACING MODULES 

Table 2 summarizes the interfaces and related modules that are described in 
detail on the following pages. 

Although each interfacing problem is likely to have some unique aspects, the 
steps to follow in general are: 

1. Determine your interfacing requirements. 

2. Match these requirements against the products listed in Table 2, then read 

the detailed descriptions. 

3. Select suitable products if any are listed. If no listed products meet your 
. requirements, contact your DIGITAL Field Sales office to find if any other 

DIGITAL products can perform the needed functions. 

4. Add the power and mounting space requirements of all modules to be 
employed, and note the cables needed plus any prerequisites and restric- 
tions that apply. i 

5. From the appropriate sections of this Handbook and the Hardware/Acces- 
sories Catalog, select the cables, power supplies, and mounting hardware 
to complete your system. 

If you need technical assistance with any product in this Handbook, feel free 
to call DIGITAL'S toll-free Hot Line, 8:30AM to 5:00PM Eastern time, 800-258- 
1710. From New Hampshire locations or places outside the United States, call 
Merrimack, 603-884-6660. 




Table 2 Interface Selector Guid»---PDP-8 OMNIBUS 



DEVICE OR FUNCTION 


MODULE 

OR 
OPTION 


LOGIC 
H'BOOK 
PAGE* 


POWER 
+5V 
AMPS' 


MODULE 
SIZE 

L H.'W* 




CABLE 
REQ'D 


COMMENTS 


2-word parallel input interface 


DR8-ED 




1.5 


E Q S 


1 


BC04Z, 
BC07D, or 
BC08R 




1-word parallel input interface 


M1703 




.555 


E Q S 


1 


BC04Z, 
BC07D, or 
BC08R 




2-word parallel output interface 


M1705 




1.15 


E Q S 


1 


BC04Z, 
BC07D, or 
BC08R 




Interface foundation module 


M1709 




.830+ 


E Q 9 


1 


BC04Z, 
BC07D. or 
BC08R 


Can accept user ICs with up to 40 pins 


Wire-wrappable module, no sockets 
Wire-wrappable module, with sockets 

) 


W966 

.W967 

/ 






E Q S 

E Q S 




BC04Z. 

BC07D, or 
BC08R 


Can accept up to 42 14- or 16-pin user ICs 



NOTES: 

1. + means current required by user logic must be added to figure shown. 

2. Module sizes are given as Length. Height, and Width, as defined in General information. 



DR8-ED 
2-WORD INPUT INTERFACt 



Length: Extended 
Height: Quad 
Width: Single 




DESCRIPTION 

The DR8-ED is a complete, general purpose input interface used to trans- 
fer two independent 12-bit, parallel data words from a user's peripheral de- 
vice to a PDP-8 computer system as shown on Figure i; It is directly com- 
patible with the OMNIBUS of a PDP-8/A, 8/E, 8/F, or 8/M and is designed 
for installation in any available OMNIBUS slot except 1, 2, and 3 of a PDP- 
8/A. 

The DR8-ED consists of a device selector and lOT decoder logic, interrupt 
request and skip control, and two 12-bit Data Buffer Registers (DBRs) — one 
for each data word, and two independent Control and Status Registers (CSRs). 
One CSR is assigned to each input data word and provides status and con- 
trol information during word transfers. 

Two contrbl and two status lines between the user's device and the module 
permit the establishment of a handshake routine to efficiently control the 
data transfers. 

All input data, status and control signals from the user's device are diode 
protected for TTL operation. The Data Buffer Registers provide input latch- 
ing capability for the 12 data lines from each device. 



PDP-8/A, 
8/E, 8/F or 
j8/M OMNr- 
BUS 



M SERIES 
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DEVICE A 



12 BIT WORD 



V 



SWUS CONTROL 



DEVICE B 



12 BIT WORD 



STATUS « CONTROL 



DR8-ED 
INPUT 
INTERFACE 



MD LINES 



12 BIT DATA IN 



A 
V 



DATA OUT 



CONTROL 
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Figure 1 DRS-ED Interface 



Two independent device select circuits are included on the module, one as- 
sociated with each device. Each circuit contains six Dual In-Line Package 
(DIP) switches to allow the selection of a device address from the full com- 
plement of OMNIBUS device addresses. These switches facilitate the instal- 
lation of the module by eliminating the need to solder or remove jumper 
leads for device address selection. 

The DR8-ED is designed for user application and requires a minimum of ex- 
ternal hardware to implement into a PDP-8 system. Two 40-pin connectors 
are conveniently mounted near the edge of the board to permit either one or 
two devices to be easily connected using BC08R or BC04Z flat cable assem- 
blies available from DIGITAL These cables have mating connectors pre- 
mounted and can be supplied in any required length. 

The interface module occupies one slot in the OMNIBUS or expander and is 
quad-height, extended-length, single-width board. 



FUNCTIONS 

The main elements of the DRS-ED input Interface and the data control and 
status signal flow are shown on the block diagram. The module provides the 
complete interface logic necessary for the efficient transfer of data from a 
user's device to the PDP-8 OMNIBUS. 

DATA BUFFER REGISTERS 

Each of the two DBRs latch 12 bits of data from a user's device when the 
Data Ready signal is generated. The data is also latched into the DBR by 
the lOT command from the PDP-8 that reads in the data word. Input data is 
not required to be held by the device for the entire transfer operation, thereby 
permitting faster data transfers. 

CONTROL STATUS REGISTERS 

Each CSR is a 12-bit register used to supply control and status information 
to the user's device and to provide control and status indicators of the user's 
device and interface to the processor. Ttie CSR also includes input latching 
for four extra data bits to allow the DR8-ED to interface with devices of up 
tti 16 bits without the need of external multiplexing. 



25 



FROM 

■ lOT 
DECODER 



I A IQT COMMANDS 
I 8 IQT COMMANDS 



DATA READY IN A 



STATUS OUT A 



OtTA ACCEPTEP OUT A 
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CSR 8 STATUS 



DATA ACCEPTED OUT B 

J, 

STATUS OUT B 



>ATA READY IN B . 
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^B tor coMMANOsI oecooei?' 
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B DATA 05 a 1 1 
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Figure 2 DR8-ED Functional Block Diagram 



DATA/CSR MULTIPLEXER 

The Data/CSR multiplexer is controlled by the commands from the lOT de- 
coder to select either 12 bits of data from a DBR or 12 bits of status and 
control information from a CSR. When^ addressed by the processor or when 
an interrupt request is asserted, the selected output of the multiplexer is 
transferred to the processor through the bus drivers. 

INTERRUPT CONTROL/SKIP LOGIC 

The Interrupt control logic produces an Interrupt request to inform the 
processor that information is ready for transfer. The interrupt request signal 
Is generated by the Data Ready signal when the user's device has data for 
transfer. The status of the Skip Flag is sampled by the processor during the 
interrupt routine to identify the interrupting device. * 

lOT DECODER 

The lOT decoder logic produces eight lOT commands associated with each 
device address. Device A or B is selected by the decoded output of the de- 
vice selector, and the function to be performed is determined by the three 
Buffered Memory Data bits (BMD) from the bus receivers. The following list 
describes the functions available for each device. 

lOT FUNCTION 

0 Conditionally controls the Status Out signal depending on the state of 
data bit 05. 

1 Sets the Interrupt Enable flag. 

2 Resets the Interrupt Enable flag. 

3 Transfers the status word to the PDP-8 accumulator. 

4 Conditionally controls the Data Accepted Enable signal depending on 
the srtate of data bit 11. 

5 Clears all flags .(Sets the Data Accepted Enable Flag.) 

6 Transfers the device word to the PDP-8. 

7 Tests the status of the DR-8ED Interrupt Request (SKIP lOT), 
SWIICHABLE DEVICE SELECTION 

The DR8-ED. module contains two DIP switch banks used to conveniently 
select a device address for each 12-bit word. Six of the seven rocker switches 
on each bank provide the capability of selecting a unique address of 008-778 
by setting the switches to a specified configuration. The remaining switch in 
each bank controls the setting of the interrupt request flag associated with 
each device. The interrupt request flags are set by either the leading or 
trailind edge of the Data Ready signal as determined by the switch position. 

INTERFACE SIGNALS 

OMNIBUS Signals — The input and output data, status and control signals 
conform to OMNIBUS signal specifications described in the PDP-8/E, PDP- 
8/M, and PDP-8/F Small Computer Handbook published by Digital Equip- 
ment Corporation. The DR8-ED module presents no more than one bus driver 
and/or receiver on any OMNIBUS signal line. 

DEVICE SIGNALS^Data and Control Signals are transferred between devices 
and interface by two cables that attach to connectors Jl and J2. The loca- 
tion of the connectors is shown on Figure 3. Table 1 lists the pin assignments 
of each connector and signal loading and driving capability. 
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Figure 3 DR8-ED Connector and Sv/itch Locations 



Table I 



*J1 and J2 






Connector Pin 


Signal Name 


TTL Unit Load 


B 


STAT 15 H ] 




D 


STAT 14 H 


4 (each) 


F 


STAT 13 H 


J 


STAT 12 H 




L 


IN 0 H ' 




N 


IN 1 H 




R 


IN 2 H 




T 


IN 3 H 




Z 


IN4H 




BB 
DD 


IN 5 H 
IN6H ' 


2 (each) 


FF 


IN 7 H 




JJ 


IN8H 




LL 


IN9H 




NN 


INIOH 




RR 


IN 11 H 




V 


STATUS OUT L 


20 (driving) 


X 


STATUS IN L 


5 


TT 


DATA ACCEPTED OUT L 


20 (driving) 


W 


DATA READY IN L 


5 



* Remaining pins on Jl and J2 connect to logic GND on DR8-ED. 
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Four TTL-compatible signal lines connect between the interface module and 
each external device and can be used to establish a handshake routine for 
efficient control of the data transfers. Two lines from the CSR provide a 
Data Accepted handshake signal and a user defined status output bit to the 
User's device. A single line to the interrupt control logic produces an inter- 
rupt request when data is ready for transfer, and a status line to the Data/ 
CSR multiplexer from the user's device provides user-defined status informa- 
tion for transfer to the OMNIBUS. 

CABLE ASSEMBLY TYPES — Several device cable assemblies are available 
from DIGITAL for use with the DR8-ED. Table 2 lists some of the recom- . 
mended cable types and the lengths available. 



Table 2 Recommended Cable Assemblies 



Cable No. 


Connectors 


Type 


Standard 
Lengths (ft) 


BC07D-XX 


H856 to open end 


Two 20-conductor 


10, 15, 25 






ribbon 




BC08R-XX 


, H856 to H856 


Shielded flat 


1, 6, 10, 12, 20, 








25, 50, 75, 100 


BC04Z-XX 


H856 to open end 


Shielded flat 


6, 10, 15, 25, 50 



GENERAL SPECIFICATIONS 

Input Data 
Configuration: 

OMNIBUS Signals: 



Operating 
Temperature: 

Relative Humidity: 

Size: 



Power 



Two parallel 12-bit data lines from a device 
Presents a maximum of one bus driver and/or one 



bus receiver on an OMNIBUS line. 

5-0 (41 °F) to 50»C (122»F) 

10% to 90%, without condensation 

Quad height — 10.5 in. (26.67 cm); singlei width — 
0.5 in. (1.27 cm); extended length — 8.5 in. (21.59 
cm) 

+5V +5% at 1.5 A nominal 
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PDP-8/E, 8/M 
OMNIBUS 



M SERIES 



Length: Extended \ 
Height: Quad ' 
Width: Single 



FFDO BBZXVTRNLJFDB 



I/O MUSE 
MD3 
M04 



BUS 
RECEIVER 
AND 

M09 DEVICE 
SELECTION 
DECODER 
MD7 

MD8 



M06 



BUS RECEIVER 
AND 
OPERATION 
MDtO O^CODER 

MDII U 

i 5 55 ^gg 



DEVICE r- 



DltOK)09 0eD7 06 D5D4D3[)eDI DO 
ENABLE ""^ 

DW DK) 09 DB D7 D6 D8 D4 D3 D2 Dl DO 



, ^c< 



t[Z> 

SKI 

70> 



M1T03 
12- BIT WORD 8/E 
BUS INTERFACE 



Volts 

+5 

GND 



Power 
mA (max.) 
555 



Pins 

AA2, BA2, CA2 

AC2, BCl, BC2, CCl, CC2, DCl, DC2- 
ANl, AN2, BNl, BN2, CNl, CN2, DNl, DN2 
ATI, AT2, BTl, BT2, CTl, CT2, DTI, DT2 
AFl, AF2, BFl, BF2, CFl, CF2, DFl, DF2 
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DESCRIPTION 

The M1703 provides, on a single quad-height modu4€, a complete, self- 
contained interface that will input 12 bits of parallel TTL-level data to the 
PDP-8/A, 8/F, 8/E or 8/M OMNIBUS, under interrupt or programmed I/O 
control. The ^1703 plugs directly into the OMNIBUS connector assembly, 
and the external device plugs into a 40-pin flat cable connector on the 
module itself. The module includes a device selector, an operation decoder, 
flags, and all control logic needed to request interrupt and respond to pro- 
grammed I/O commands on the OMNIBUS. Command codes assigned to this 
module include: 

* ENABLE AND DISABtE INTERRUPT 

CLEAR FLAGS 

SKIP IF DEVICE FLAG SET ■ 
READ DATA 

A device selection code of 14 (octal) is assigned to this module but the 
code can berbhanged by moving wire jumpers. 

FUNCTIONS 

Device Selection Decoder: The device is addressed through this decoder 
when I/O PAUSE is asserted and the octal device code for the dfecoder is 
received through <MD03:08>. The decoder dutput asserts the INT. i/O line 
and enables the operation decoder. 

Operation Decoder: The select bits (MD09, 10 and 11) determine the type of 
operation to be performed when the operation decoder is enabled by the 
device selection decoder. 

DATA <00:11>: Data from the external device is applied to the bus drivers 
on these lines. A READ DATA command enables the^bus drivers and as- 
serts CO and CI, thereby entering the data into ACO-11 via corresponding 
OMNIBUS data lines. 

READ RQST: When the external device is ready to input stable data, it ap- 
plies a logic LOW for at least 50 ns on this control line, to set the DEVICE 
FLAG. READ DONE goes HIGH within 60 ns after READ RSQT goes LOW. 

DEVICE FLAG: After being set by a LOW on the RD 1?QST line, Jhis flag 
initiates an interrupt request (if INTERRUPT is enabled). This flag is sensed 
by the SKIP control line. 

INTERRUPT RQST: When this line is asserted by the DEVICE FLAG, an in- 
terrupt request is sent to the computer which responds by executing a JMSO 
Instruction. 

INTERRUPT ENABLE: This flip-flop is set to enable and cleared to disable the 
interrupt request function. 

SKIP Control Line: If the device flag is set, the instruction SKIP ON DEVICE 
FLAG asserts the SKIP line, incrementing the contents of the computer's 
program counter. 

READ DONE: This line stays HIGH as long as the DEVICE FLAG is set, and 
signals the end of a data transfer by going LOW after the end of a RD DATA 
pulse. 

Changing the Device Code: The device selection decoder is preset for a 
device Code of 14j?ctal. However, split lugs on this module permit the code 
to be changed by the user to any octal number from 00 to 77. To obtain the 
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desired octal number, jumper the split lug pairs that select the binary equiv- 
alent of the device cotfe, as shown below: ^ 



10 9 



12 tl 1 2 



A. PHYSICAL LAYOUT OF SPLIT LUGS 

(SHOWING JUMPERS FOR DEVICE ^ODE 14 OCTAL) 



ADD 
JUMPER 

at: 


DEVICE CODE 


8' 




2? 2< ZO 


22 2* 2^ 


BIT= 1 


1 3 5 


7 9 11 


BIT»0 


2 4 6 


8 10 12 



EXAMPLE 

0 0 1 1 0 0 BINARY EQUIV OF 14 OCTAL CODE 
2 4 5 7 10 12 REQUIRED JUMPERS 

B. DETERMINING JUMPERS FOR NEW CODE ASSIGNMENTS 



lOT INSTRUCTION ASSIGNMENTS 



Octal 
Code 

6140 
6141 
6142 
6143 



Instruction 
Disable Interrupt 

Enable interrupt 

Clear Flags 

Skip-if Device 
Flag Set 



6144 Read Data 



SPECIFICATIONS 
Propagation Time: 

FROM 

LOW on 

RD RQST input 



Purpose 



Clears the INTERRUPT ENABLE flag to dis- 
able the INT RQST line 

Sets the INTERRUPT ENABLE flag to enable 

the INT RQST line ^ 

Clears the DEVICE FLAG, asserts READ DONE 
and Clears INTERRUPT ENABLE flag 

Asserts the SKIP line if the DEVICE FLAG. is 
set. The computer responds by incrementing 
the program counter so that the next instruc- 
tion is skipped. 

Transfers input data bits <00:H> to 
<AC00:11> through the OMNIBUS data 
lines. Also clears the DEVICE FLAG, allowing 
the RD DONE output to go LOW when the 
data transfer is complete. 



/TO 

RD DONE 
going HIGH 



ns (max.) 
60 
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M1705 

OMNIBUS OUTPUT INTERFACE 



Length: 'Extended 
Height: Quad 
Width: Single 



OMNIBUS 



M SERIES 



Power 
Volts mA (max.) 
+5 1.15A 
GND 



Pins 

AA2, BA2, CA2 

All pins F, T, N, AC2, BCl. 

BC2, CCl, CC2, DCl, DC2 
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DESCRIPTION 

The M1705 Is an output interface module that allows the PDP-8 computer 
to transfer data to, and control the operation of, remotely programmable in- 
struments or similar digital devices. The function is to perform parallel trans- 
fers, under program or interrupt control, of 12-bit data words from the com- 
puter to peripheral devices. 

The 'M1705 consists of duplicate logic sections. Each section includes device 
selection logic to address an external device, an operations decoder to deter- 
mine the type of interface operation, a 12-bit storage register to buffer the 
output data, interrupt control logic, and bus drivers/ receivers to allow 
operation on the OMNIBUS. Connection to the device(s) is made via stan- 
dard cables that plug into a pair of connectors on the M1705 module board. 

FEATURES 

• Complete single-card OMNIBUS output interface 

• Data storage registers 

• Program interrupt capability 

• Cable drivers on all output signals, diode-protected 

• Compatible with M1703 OMNIBUS Input Interface ' 

• TTL-compatible signals 

• Diode-protection/pulse-shaping on all input signals 

• Peripheral I/O cables plug directly onto M1705 card 

• Variable pulse width control signals 

• User-assigned device codes — ^jumper selected 

• Many user-selected control functions — ^assertion levels, both TTL and con- 
tact closures. 



APPLICATIONS 

The M1705 OMNIBUS Output Interface is suitable for a variety of scientific 
and industrial applications which require parallel TTL-compatible data to be 
output from a PDP-8/E family computer. Its dual word (24-bit) digital output 
and data storage capability make it a natural for the remote programming of 
instruments such as digital voltmeters (DVMs), digital multimeters (DMMs), 
RLC bridges, programmable power supplies and many more. 

The M1705 finds application in the scientific and industrial laboratory as a 
general-purpose digital (TTL) output interface. The control of experimental 
equipment and the driving of strip chart recorders are only two of the many 
possible laboratory uses. 

Its cable-driving capabilities make the M1705 a fine choice for interprocessor 
communication. When used with the M1703 OMNIBUS Input Interface, the 
M1705 provides the capability of communicating at high speed with one or 
more PDP-8/E family computers. Additionally, the M1703 Input and M1705 
Output Interfaces may be combined at one computer to form a general- 
purpose digital input/output interface system. The result is a very flexible, 
low-cost system that may be readily expanded. This type of System is often 
required for the control of, and collection of data from, programmable in- 
struments, production line machinery, lab experiments, and custom periph- 
eral devices (X-Y recorders, card readers, mag tape drivers, etc.). 
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FUNCTIONS 

Device Selection Decoder (A, B) 

External devices are addressed through one of two identical Device Selection 
Decoders. This allows external devices to be handled separately if desired. 
Each decoder is activated when I/O PAUSE is asserted by the processor and 
the octal device code for that decoder is received through bits MD03-:MD08. 
Decoders A and B are factory-assigned octal device codes 15 and 16 re- 
spectively. However, any octal code from 01 to 77 is selectable by the user 
via split lug jumpers. The decoder output asserts the INTERNAL I/O line 
and enables an operation decoder. 

Operation Decoder (ArS) 

The Operation Decoder decodes the three operation bits MD09-MD11 from 
the OMNIBlTs to determine the type of operation to be performed. The ap- 
propriate operation decoder (A or B) is enabled by its respective Device 
Selection Decoder (A or B). 

Output Register (A, B) 

The data from the processor accumulator (AC) is transferred to one of the 
two output registers (A or B) via OMNIBUS lines DATA-OO-DATA-11. A binary 
1 in the accumulator corresponds to a binary 1 in the output register and to 
a logic HIGH at the register's output. J¥te register output (DOO-Dll) may be 
transferred, in parallel, to the device by a Data Strobe pulse. All bits of both 
output registers are reset to a logic LOW by assertion of the OMNIBUS 
signal INITIALIZE. 

Device Flag (A, B) 

This is a flip-flop which is set by the external device signal DEV RDY or DEV 
RDY CONTACT and reset by the INITIALIZE signal from the processor or by 
the appropriate lOT 3 (WRITE REGISTER) command). The status of the De- 
vice Flag can be interrogated by the lOT 2 (SKP ON DEV FLG) command. 
Setting this flip-flop initiates the interrupt request if the Interrupt Enable 
Flag flip-flop is set. 

Interrupt Enable Flag (A, B) 

This is a flip-flop which is set under program control to enable or disable the 
interrupt request function on the M1705 module. 

Control Flag (A, B) 

This is a spare flip-flop which may be used to perform any additional control 
function at the external device. 

I/O Bus Drivers and Receivers 

The OMNIBUS receivers and drivers contain special high-impedance circuitry 
to minimize bus loading. 



PROGRAMMING 

The following is a list of instructions that ar« available for use by the pro- 
grammer. 
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Octal 
Code* 



Name 



Function ^ 



6150 Disable Interrupt A 

6151 Enable Interrupt A 

6152 Skip on Devic6 
Flag A 

6153 Write Register A 



6154 Trigger Data 
Strobe A 



6155 Read Register A 



6156 
6157 

6160 

6161 

6162 

6163 



6164 

6165 

6166 
6167 



Set Control Flag A 

Reset Control 
Flag A 

Disable Interrupt B 
Enable Interrupt B 



Skip on Device 
Flag B 

Write Register B 



Trigger Data 
Strobe B 



Read Register B 



Set Control Flag B 

Reset Control 
Flag B 



Resets INTR ENB FLG A to disable the In- 
terrupt Request function for Section A. 

Sets the INTR ENB FLG A to enable the 
Interru^ Request function for Sectidn A. 

Asserts the SKIP line if DE\^ FLG A is set. 



Clocks the contents of ACOO-ACll into Out- 
put Register A. Also, OUTPUT A DONE H 
becomes a logic HIGH and OUTPUT A 
DONE L becomes a logic LOW following 
completion of this instruction. 

The trailing edge of the pulse generated by 
this lOT initiates DATA STROBE A H and 
DATA STROBE A L pulses. 

Transfers the contents of Output Register A 
to ACOO-ACll.- 

Sets the CTL FLG A flip-flop. 

Resets the CTL FLG A flip-flop. 

Resets INTR ENB FLG B to disable the In- 
terrupt Request function for Section B. 

Sets the INTR ENB FLG B to enable the 
Interrupt Request function for Section B. 

Asserts the SKIP line if DEV FLG B is set. 



Clocks the contents of ACOO-ACll into Out- 
put Register B. 

Also, OUTPUT B DONE H becomes a logic 
HIGH and OUTPUT B DONE L becomes a 
LOW following completion of this instruc- 
tion. 

The trailing edge of the pulse generated by 
this lOT initiates DATA STROBE B H and 
DATA STROBE B L pulses. 

Transfers the content of Output Register B 
to ACOO-ACll. 

Sets the CTL FLG B flip-flop. 
Resets the CTL FLG B f lip-Flop. 



•Device 
jumpers 



codes 15g and 16g are factory-selected. Other codes may be chosen by changing 
on the M1705 module. 
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M1709 
OMNIBUS INTERFACE 
FOUNDATION MODULE 



OMNIBUS 



M SERIES 



Lengtti: Extended 
Height: Quad 
Width: 



VJaatiMMUo 




Pins 

AA2, BA2, CA2 
Ail pins C, N. F, and T 
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DESCRIPTION 

The M1709 OMNIBUS Interface Foundation module Is a generalized OMNI- 
BUS Interface card that is constructed to allow the user to build a custom 
design using integrated circuits (ICs). All required OMNIBUS interface logic, 
i.e., bus drivers/ receivers, device selectors, and interrupt/skip circuitry is 
provided. IC mounting pads with wire wrappable pins are made available for 
custom circuitry. Pads accommodate all common types of Duat*ln-Une Pack 
(DIP) ICs with up to forty pins. 

Connection to user-equipment is made via standard cables (BC08R or BC04Z) 
thaf plug directly into the M1709 module board. The module cable connector 
allows several M1709 modules or W966/W967 wire wrappable modules to 
be strapped together to accommodate more extensive designs. 

APPLICATIONS 

Since both analog and digital circditry are available in DIP form, quite com- 
plex systems may be built Some of the typical applications for the M1709 
module are: 

• Multiword input and/or output 

• Instrument interfaces 

• Interprocessor communication 

• Oscilloscope controller (0/ A) 

• Peripheral control (data terminals, etc.) ~ 

• Interfacing of: 

I AID converters 

Multiplexers 
Counters 
Shift registers 

Read-Only Memories (ROMs) 
AritKmetIc Logic Units (ALU) 

FUNCTIONS 

The preassembled circuitry of the M1709 module can be classified into four 
categories: Device and Function Selection^ Data Bus Interface, Interrupt and 
Skip Interface, and Control Line Interface. 

Device and Function Selection: Device address decoding Is performed with a 
pair of binary-to-octal decoders (3 to 8 line). OMNIBUS lines MD03 through 
MD08 are decoded and one output of each decoder is ANDed (by wire wrap- 
ping) to sense a "device selected" condition. Any code from 01« to 77« is 
selectable via wire wrap jumper selection. 

The "device selected" condition is, in turn, ANDed with the I/O PAUSE 
signal to drive the OMNIBUS signal INTERNAL I/O. This signal is also made 
' available at a wire wrap pin as SELECT H. ^ 

Function decoding is performed by a binary -to-octal decoder (3 to 8 line). 
OMNIBUS signals MD09 through MDll are decoded to form the eight lOT 0 
through lOT 7 signals. These TTL signals are made available at numbered 
wire wrap pins for ease of connection to user-installed IC logic. 

Data Bus Interface: The 12 OMNIBUS Data Lines, DATA 00 through DATA 11, 
are received with special high-impedance circuitry and TTL signals are made 
available at wire wrap pins. In addition, each data line has a special BUS 
driver circuit assigned to it. Input to these drivers is available at wire wrap 
pins and is TTL-compatible for direct connection to user-installed IC logic. 

Enabling inputs are provided for both data line receivers and drivers. 
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Interrupt and Skip Interface: BUS driver circuits are available for driving the 
OMNIBUS INT RQST and SKIP lines. The INT RQST driver has an enabling 
input vyhich can be used to inhibit the interrupt request while maintaining 
the ability to test the interrupt condition via the SKIP facility. Input to these 
drivers is TTL-compatible and made via wire wrap pins. 

Control Line Interface: BUS driver circuits are connected for asserting the 
three OMNIBUS data transfer mode signal lines — Co, Ci, Cj, Input to these 
drivers is TTL-compatible and made via wire wrap pins. 

Miscellaneous Interface Signals: OMNIBUS signals TPS. and INITIALIZE are 
received with high impedance circuits. These signals are made available in 
TTL-compatible form at wire wrap pins as BTP3 and BIN IT, respectively. A 
source of -f 3 volts is made available at a wire wrap pin. 

OMNIBUS Signals made Available to the User* 

In addition to those OMNIBUS signals mentioned previously, the following 
40 OMNIBUS signals are made available to the user at wire wrap pins. The 
complete set of signals available is sufficient to allow the user to accomplish 
all program transfer and data break interface operations. 



OMNIBUS Signal Name 


Pin 


MAO 


ADl 


MAI 


AEl 


MA2 


AHi 


MAS 


AJl 


MDO 


AKl 


MDl 


ALl 


MD 


AMI 


MD DIR 


AK2 


MA4 


BDl 


MAS 


BEl 


MA6 


BHl 


MA7 


BJl 


MD6 


BMl 


MD7 


BPl 


INT STROBE 


BD2 


BRK IN PROG 


BE2 


MA, MS LOAD CONT 


BH2 


OVERFLOW 


Bj2 


BREAK DATA CONT 


BK2 


BREAK CYCLE 


BL2 


BUS STROBE 


CKl 



• These OMNIBUS'^signals (except ± 15 V) require high impedance/low leakage current 
driving and receiving circuitry. (Use DEC 8640 and 8881 ICs). 



40 



OMNIBUS Signal Name Pin 



NOT LAST XFER 

CPMA DISABLE 

MS, IR DISABLE 

TPl 

TP2 

TP3 

TP4 

TSl 

TS2 

TS3 

TS4 

LINK DATA 
LINK LOAD 
MAS 

MA9 
MAIO 
MAll 
+15 V 
■ -15 V 



CMl 
CUl 
CVl 
CD2 
CE2 
CH2 
CJ2 
CK2 
CL2 
CM2 
CP2 
CR2 . 
CS2 • 
DDI 
DEI 
DHl 
DJl 
DA2 
DB2 



SPECIFICATIONS 

Signals to and from the OMNIBUS are receivec^ or driven with special high 
Impedance circuitry to minimize bus loading. ^ . 



CAUTION 

AH requirements for timing should be in accor- 
dance with the PDP-8/e and -8/m Small Com- 
puter Handbook and the PDP-8/A^Miniprocessor 
handbook. 
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W966 

WIRE WRAPPABLE MODULE 



OMNIBUS 



W SERIES 



Length: Extended 
Height: Quad 
Width: Single 



EIO 



E36 



E32 



E20 



E27 



EI9 



e 0 
o F 
o J 
o L 
o N 
o R 
o T 
o V 
o X 
o Z 
o BB 
o DD 
o FF 
o JJ 
o LL 
o NN 
o RR 
o TT 



E9 



E7 



AA1 ' 



WIRE WRAP PINS 



-6 



E1-E42 
1 < IC HOLES >16 



POWER AND GROUND IS 
ETCHED TO AU OF THESE 



W966 Wire Wrappable Module 
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DESCRIPTION 

The W966 Wire Wrappable Module is a PDP-8/A, 8/E, 8/l\^ genial-purpose 
module that provides for the construction of custom interface designs using 
integrated circuits (ICs) and wire wrapped interconnections. Up to 42 of 14- 
and/or 16-pin ICs can be easily mounted (with or without 16-pin sockets) 
onto the etched IC pads. (Sockets are not supplied.) Each wire wrap pin can 
accommodate two separate leads of 30-gauge wire. Discrete components 
may also be directly soldered onto the IC pads. Position E39 features a pad 
that can be used for mounting a potentiometer. 

The W966 has 72 etched contact fingers at the handle end, with a wire wrap 
pin connected to each finger. When a W966 is located adjacent to another 
W966, signals can be bused from one module to the other via these contact 
fingers by using an H851 edge connector. One H851 can bus 36 signals; 
therefore, two H851s are required to bus all 72 signals. In addition, the 
standard 144 contact fingers at the connector end of the module are also 
connected to wire wrap pins. 

An H854 40-pin 1/0 connector (male) is contained on the module to provide 
access to the "outside world"; it can accept any cable equipped with an 
H856 connector. Eighteen of these connector pins are connected to wire 
wrap pins. 



♦5V- 
AA2.BA2,CA2 



6ND- 



r 1 


C43 


C44 


C45 




6BUF 


6.8UF 


6SUF 




35V 


35V 


36V 




10% 


to% + 


J0% 








cT 



ACI, AC2, AFI, AF2, ANI, AN2. ATI , AT2 , 
BCI , BC2 , BFI . BF2 ,BNI , BN2,BTI , BT2, 
Cpi .CC2,CFI , CF2, ONI, CN2, CTI . CT2, 
DCI.DC2. OFI, DF2, DNI, 0N2. DTI, 0T2 



THRU 



OIUF 
lOOV 
20% 



C42 



CONNECTOR I 



A B C E H K M P S U W Y AA CC EE HH KK MM PP SS UU' VV 
'99999999999999999 



W966 Circuit Schematic 



) 
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W967 

WIRE WRAPPABLE MODULE 



OMNIBUS 



W SERIES 



Length: Extended 
Height: Quad 
Width: Single 



E42 



E33 



E29 



E25 



E40 



E31 



o D 
o F 
o J 
o L 
o N 
o R 
o T 
o V 
o X 
o Z 
o BB 
o OD 
o FF 
o JJ 
o LL 
o NN 
o RR 
« TT 



E5 



WIRE WRAP PINS 



EI-E42 
1 • IC KXES >16 



POWER AND GROUND IS 
ETO1E0 TO ALL OP THESE 



W967 Wire Wrappabie Module 
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DESCRIPTION . 

The W967 Wire WrappabJe Module is a PDP-8/A, 8/E; 8/ M general-purpose 
module that provides for the construction of custom interface designs using 
intergrated circuits (ICs). Featured on the board are 42 low-profile IC sockets 
which easily accommodate 14- and/or 16-pin ICs. Each wire wrap pin can 
accommodate two separate leads of 30-gauge wire. Discrete components 
may also be directly inserted into the sockets. Position E39 features a pad 
that can be used for mounting a potentiometer by removing the socket. 

The W967 has 72 etched contact fingers at the handle end, with a wire wrap 
pin connected to each finger. When a W967 is located adjacent to another 
W967, signals can be bused from one module to the other via tfiese contact 
fingers by using an H851 edge connector. One H851 can bus 36 signals; 
therefore, two HB51s are required to bus all 72 signals. In addition, the 
standard 144 contact fingers at the connector end of the module are also 
connected to wire wrap pins. 

An H854 40-pin I/O connector (male) is contained on the module to provide 
access to the "outside world"; it can accept any cable equipped with an 
H856 connector. Eighteen of , these connector pins are connected to wire 
wrap pins. 



+5V- 
AA2.BA2,CA2 



- I 


C43 


C44 


C45 




6.8UF 


6.8aF 


6BUF 




35V 


35V 


35V 




jp% + 


\0% + 


]0% 




"S ? 




a 



6ND 

ACI, AC2,AFI.AF2,ANI. AN2,ATI, AT2 , 
801 . BC2 . BFI , BF2 , BN I , BN2 , BTI , BT2 , 
CCI,CC2,CFI, CF2, CNI, CN2,CTI, CT2, 
DCI, DC2, DFI, DF2, DNI , DN2, DTI, DT2 



THRU 



.OIUF 
lOOV 
~ 20% 



042 



CONNECTOR I 



A B 

? 



0 E 



H K M P S U W Y AA CO EE HH KK MM PP SS UU^V 



W967 Circuit Schematic 
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PDP-11 INTERFACING 

The PDP-11 family of computers are the most popular medium-sized systems 
in the industry. PDP-lls can be found in hundreds of applications, from real- 
time data acquisition and control to management information systems. All 
models of the PDP-11 family share one common feature: all signals between 
the processoT, memory, and peripherals are transferred via the UNIBUS. This 
section is presented in two parts: (1) Basic UNIBUS Interfacing and (2) 
PDP-11 I/O Modules. 

Basic UNIBUS Interfacing 

The UNIBUS Is a single, common path that connects the processor, memory, 
and peripherals. (See Figure 1.) Each register (data source or data desti- 
nation) in each peripheral device is assigned an address to distinguish among 
the individual peripherals connected to the UNIBUS. This address is analog- 
ous to a memory location and perhiits instructions to act upon device regis- 
ters as memory locations. There may be only one controlling device on the 
UNIBUS at any given time because of the system architectural configuration. 
This device is termed the Master and devices controlled by the Master are 
termed the Slaves. Devices may request Mastership by asserting either a 
Bus Request or a Non-processor Request to the Priority Arbitration Logic of 
the Processor. The request is honored if it is of a higher priority than any 
other request. The new Master assumes control of the bus when the current 
\ Master relinquishes Bus Mastership. The new Master may then request either 
to have the processor service the peripheral (BR only) or may initiate a data 
transfer without processor intervention (NPR or BR). 
Interface Types 

PDP-11 interfaces can be categorized into three distinct types: 

1. Slave — ^This interface has no provision in its control logic to become 
Master. It will only transfer data onto and off the UNIBUS by command of 
a Master device. 

2. Interrupt — This interface has the ability to gain Mastership of the bus 
(BR level) in order to give the Central Processor the address of a sub- 
routine which the processor will use to service the peripheral. 

3. DMA — This interface has the ability to gain Mastership of the Bus (NPR 
level) in order to transfer data between itself and some other peripheral. 

A single interface may employ ail three of the above types. 

Signals on the UNIBUS that are used for programmed and interrupt I/O 
control are defined in Table 1. For complete information on UNIBUS in- 
terfacing, refer to the PDP-11 Peripheral Handbook. 

Table 1. UNIBUS I/O Signal Summary 
SIGNAL DEFINITION 



A <17:00>* Address Lines. The 18 address lines are used by the master 
device to select the slave (a unique memory or device regis- 
ter address) with which it will communicate. 

Lines A <17:01> specify a unique 17-bit word and AOO 
specifies the byte being referenced. 

Peripheral devices are normally assigned an address from 
within the bus address allocations from 760000-777777 
(program addresses, 160000-177777). 

^Angle brackets enclose groups of lines; A <17:00> ^ A17 through AOO inclusive. 
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D <15:00> Data Lines. The 16 data lines are used to transfer informa- 
tion between bus master and slave. 

C <1:0> Control Lines. These two bus signals are coded by the mas- 

ter device to control the slave in one of four possible data 
transfer operations. 



CI 

"o" 

0 
1 
1 



CO 

"o~ 

1 
0 
1 



Operation 

DAT I — Data- in 
DATIP — Data In, Pause 
DATO — Data Out 
DATOB — Data Out, Byte 



MSYN Master Synchronization. A control signal used by the master 

to indicate to the slave that address and control information 
is present. 

- SSYN Slave Synchronization. The slave's response to the master 

(response to MSYN). 

PA, PB Parity Bit Low (PA) and Parity Bit High (PB). These signals- 

are for devices on the UNIBUS that use parity checks. PB 
is the parity line for the high-order byte (on D <15:08» 
and PA is th^ parity line for the low-order byte (D <07:00»< 



PA and PB are generated by a slave and received by a master. They indicate 
parity error in a device. The slave negates PA and asserts PB to indicate a 
parity error pn a DATI/P; PA and PB both negated indicates no parity error. 
PA asserted and PB asserted or negated are conditions reserved for future 
use. Pi^i and PB are not defined in a DATO transaction. PA and PB may be 
used l>y the bus master's parity error logic. 

The following table is a summary of the possible combinations of the parity 
error indicators. 



PA 


PB 




0 


0 


no error in a slave in DATI/P 


0 


1 


error in slave in DATI/P 


1 


X 


reserved 



The protocol for PA and PB is the same as that for D<15:00>. 



BR <7:4> Bus Request Lines. These four bus signals are used by per- 
ipheral devices to request control of the bus. 

BG <7:4> Bus Grant Lines. These signals are the processor's response 
to a bus request. They are asserted only at the end of in- 
struction execution, and in accordance with the priority de- 
termination. 
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SIGNAL 



DEFINITION 



NPR 

NPG 
SACK 

INTR 

BBSY 
IN IT 



AC LO 



DC LO 



Non-Processor Request. This signal is a bus- request from a 
peripheral device to the processor, usually for a DMA trans- 
fer. 

Non-Processor Grant. This signal is the processor's response 
to an NPR. It occurs at the end of a bus cycle. 

Selection Acknowledge. SACK is asserted by a bus-requesting 
device that has received a bus grant. Bus control passes to 
this device when the current bus master completes its oper- 
ation. 

Interrupt. This signal is asserted by a peripheral device once 
it has become the bus master to start a program interrupt 
in the processor. 

Bus Busy. This signal is asserted by the master device to 

indicate bus is being used. 

Initialization. This signal is asserted by the processor when 
power is first applied, when the START key on the console is 
depressed, when a RESET instruction is executed, or when 
the power fail sequence occurs. I NIT may also be used to 
clear and initialize peripheral devices by means of the RESET 
instruction. 

AC Line Low. This signal starts the power fail trap sequence, 
and may also be used in peripheral devices to terminate 
operations in preparation for power loss. 

DC Line Low. This signal remains cleared as long as all dc 
voltages are within specified limits. If an out-af-voltage con- 
dition occurs, DC LO is asserted by the power supply. 



UNIBUS 



7\ 



7^ 



7S 



TV 



Figure 1. UNIBUS Connections 
48 



PDP-11 UNIBUS-RELATED INTERFACING MODULES 

Table 2 summarizes the interfaces arnd related modules that are described in 
detail on the following pages or in the DIGITAL Direct Sales Catalog where 
noted. 

Although each interfacing problem is likely to have some unique aspects, the 
steps to follow in general are: 

1. Determine your interfacing requirements. 

2. Match these requirements against the products listed in Table 2, then read 
the detailed descriptions. 

3. Select suitable products if any are listed. If no listed products meet your 
requirements, contact your DIGITAL f^ield Sales office to find if any other 
DIGITAL products can perform the needed functions. 

4. Add the power and mounting space requirements of all modules to be em- 
ployed, and note the cables needed plus and prerequisites and restrictions 
that apply. 

5. From the appropriate sections of this Handbook and the Hard ware /Acces- 
sories Catalog, select the cables, power supplies, and mounting hardware 
to complete your system. 

If you need technical assistance with any product in this Handbook, feel free 
to call DIGITAL'S toll-free Hot Line, 8:30AM to 5:00PM Eastern time, 800-258- 
1710. From New Hampshire locations or places outside the United States, call 
Merrimack, 603-884-6660. 
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Table 2 IiUmIkc Selector GuMe— KP-ll UNIBUS 



DEVICE OR FUNCTION 


MODULE 

OR 
OPTION 


LOOIC 
H'BOOK 
P«QE> 


POWER 

+5V 
AMPS' 


BUS 

LOADS 


MODULE 

SIZE 
L H W 


CABLE 
REQ'D 


FITS 
SK 
SLOT? 


COMMENTS 


ElA RS232C serial davicts, e.g.: 
LASS printer 
LA36 printer terminal 
LAI80 printer 
LS120 printer terminal 
VTS2 CRT terminal 
VTS5 CRT tacminal 


M7800 




1.8 


1 


E Q S 


BC05C-25 


yes 


Also requires -15V®. 15A. +15V^^016A. 
One of four standard crystals must be 
specified at tima of order. For compltte 
option, tM OLll-WB. 


20 niA current loop atrial 
devices, e.g.: 

LASS printer 

LA36 printer terminal 

LA180 printer 

VT50 CRT terminal 
'VT52 CRT tanninal 

VT55 CRT tarminal 


M7800 




1.8 


1 


E Q S 


70-8360 


yes 


Also requires -1SV@.15A, +15V@.016A. 
One of four standard crystals must bt 
spacified at tim* of ordtr. For compitta 
option, ttt DLll-WA. 


General 20 mA aerial asynchronous 
I/O interface 


DLll-WA 




2.0 




E Q S 


70-8360-1 
supplied 


yes 


Also requires -ISVe.lSA, +15Ve.05A. 
Crystal must be specified at time of ordtr. 


General ElA RS232C serial 

asynchronous I/O interface 


OLU-WB 




2.0 




E Q S 


BC05C-2S 
supplied 


yes 


Also requires -15V@.15A, -|-15V@.05A. 
Crystal must be specified at time of order. ' 


A/0 or D/A interface, 16-channei 


ARll 




$ max 


1 


E H S 


8C11L.20 


yes 


May not be plusgtd into a modified 
UNIBUS slot. 


2*word parallel Input interface 


DRll-L 




1.5 




E Q S 




yas 


PoatiUa eablts: BC07A, -70, -8R, or -4Z. 


2-word parallel output interface 


DRll-M 




1.5 




E Q S 




yes 




1-word parallat input/output 
interface 


M7860 




1.5 


1 


E Q S 




yet 
















^peciai 






Instrument data input interface 


M1621 




.77 




E Q S 


apecial 


no 




IS-Mt ralay output Intarfac* 


M1801 




1.16 




E Q S 








Direct Mamoiy Access (DMA) 
interface 


DRll-B 




3.3 




aya. unit 




no 




DMA intarfact DECIdt 


KITUD 




3J 




ty«. unit 




no 





TaMe 2 Interface Selector Guide — PDP-11 UNIBUS (cont) 



MODUUE UMIC POWER MODULE FITS 

OR H'WWK +5V BUS WOX CABLE SPC 
DEVICE OR FUNCTION OPTION PAGE* AMPS' LOADS L H W> REVO SUm COMMENTS 



UNIBI4S INTERFACE BUILDING 
BLOCKS; 



Interfac* foundation module M1710 .79+ 1 E Q S BC07A or yos Has *paca for appiox. 2S UMr ICs 

BC08R 



Ul 



Addreu Mlactor modulo 


M105 


.338 


1 


ESS 




yes ' 


Bidieaetional but intarfaeing gat* 


M1500 


.300 




ESS 




no 


modult 














But input interfacing driver module 


M1501 


.300 


— 


ESS 


— 


no Not raeommandad for new daiigns. 


Bus output interfacing driver module 


M1S02 


.750 


— 


EDS 


— 


no 


Bus RaquasI (BR)/Djract Mamory 


M7821 


.725 


1 


ESS 


— 


ya* 


Access (DMA) Interrupt control 














module 














DMA word count/bus address 


M795 


.600 





EDS 





no 
















Master ontrol mod la 
c moau 


M7Qfi 


.180 




ESS 




no 


Bus driver module 


■ 


070 




ESS 




no 


Bus driver module, non-inveiting 


M798 


.320 




S S S 




no 


Bus receiver module 


M784 


.200 




ESS 




no 


Bus transceiver module 


M785 


.600 




ESS 




no 


Kit of tan DEC8640 bus racaivar ICs 


956 












Kit often DEC88SI bus^Hver ICs 


957 












Wira-wrappabia modules: 














Hex-haigM, no IC sockets 


'W9500 






E H S 




yas 


Hax-haigM, 84 16-pin IC sockets 


W9503 






E H S 




yes 
yas 


Quad-hslght, no IC sockets 


W9S01 






E Q S 




Quad-haigM; 54 16-pin IC 


W9S04 






E Q S 




yas 


socket* 










DouMs-height no IC sockata 


W9S02 






EDS 




yas 


DouUa-halgM. 24 16-pin IC 


W9S05 






EDS 




yas 


sockats 















NOTESt 

1. -I- means currant required by user logic must ba added to figure shoam. 

2. Module sizes ara given as Larigth, Height, and Wklth, as daflned In Ganani Infaimatlon. 

3. DSC = Direct Sales Catalog. 
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DRll-L 

2-WORD 
INPUT INTERFACE OPTION 



UNIBUS 



M SERIES 



Length: Extended 
Height: Quad 
Width: Single 



DEVICE A 



16 BIT WORD 



STATUS/CONTROL 



DEVICE B 



16 BIT WORD 



V 



STATUS/CONTROL 



DRll-L 
INPUT 
INTERFACE 



ADDRESS 



16 BIT DATA ^ 



VECTOR ADDRESS 



CONTROL 



\7 



Figure 1 DRll-L Interface 



DESCRIPTION 

The DRll-L is a complete, self-contained input interface used to transfer 
two independent 16-bit, parallel data words from a user's peripheral device 
to the PDP-11 computer system as shown on Figure 1. 

It is directly compatible with the PDP-11 UNIBUS and is designed for instal- 
lation into any one of the available Small Peripheral Controller slots (SPC) 
of a BBll-M, DDll-A, or DDll-B System Interfacing Unit and the PDP-11 
processor unit. 



The DRll-L consists of address selection logic, interrupt control and priority 
level select logic, two Data Buffer Registers (DBRs), one for each word, and 
two independent Control/Status Registers (CSRs). One GSR is assigned to 
each input data word and provides status and control information during a 
word transfer. 

Two control and two status lines between the user's device and the inter- 
face permit the establishment of a handshake routine to efficiently control 
the data transfers. 

The input signal lines are TTL-compatible with high threshold receiver inputs 
and built-in hysteresis for both high and low threshold, providing substantial 
noise immunity. Input data lines are diode-clamped to +5 V and ground. 
Conlirol lines from the user's device are diode-clamped to ground and pulled 
up to +5 V by a resistor. 

All address selection, interrupt priority selection, and vector address selec- 
tion is performed using Dual Inline Package (DIP) switches mounted on the 
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module. These svvitches facilitate the installation of the module by eliminating 
the need for soldering or removing jumper leads for address and vector selec- 
tion. 

The DRll-L Is designed for user applicatiocis and requires a minimum of 
external hardware to Implement Into the PDP-H system. Two 40-pln con- 
nectors are conveniently mounted near the edge of the board. These con- 
nectors permit either^ one or two external devices to be easily connected 
using BC08R or BC07D flat cables available from DIGITAL. These cables have 
the mating connectors premounted and are supplied in any specified length. 

The interface module occupies one SPC slot and is a quad-height, extended- 
length, single-width~7nodule. 

FUNCTIONS 

DRll-L ELEMENTS AND SIGNAL FLOW 

The main elements of the DRll-L interface module and the data, control, 
and status signal flow are shown on Figure 3. The module provides the com- 
plete interface logic necessary to allow the efficient transfer of data from 
user's device to the UN I BUS. ^ 

CONTROL/STATUS REGISTERS 

Each CSR is a 16-bit register used to supply control and status information 
to the user's device and to provide control and status indicators of the user's 
device and interface to the processor. Each CSR is byte- or word-addressable. - 

DATA BUFFER REGISTER 

Each DBR is used to store 16 bits of data from a device. The contents of 
the DBR are transferred to the processor under program control as a 16-bit 
data word or 8-bit byte. When addressed by the processor or when an in- 
terrupt request is asseirte<j, the device data is latched into the DBR. Input 
data is not required to be held by the device for the entire transfer opera- 
tion, thereby permitting faster data transfers. 

DATA/CSR MULTIPLEXER 

The multiplexer is controlled by the decoded device address and selects 
either 16 bits of data from a DBR or 16 bits of status and control infor- 
mation from a CSR for transfer to the UNIBUS. The selected output of the 
multiplexer is transferred to the processor under program control through 
the UNIBUS transceivers. 

ADDRESS SELECTION LOGIC 

The address selection logic decodes the addresses associated with each 
CSR and DBR and specifies the direction of data transfer. 

INTERRUPT CONTROL LOGIC 

The interupt control logic requests bus mastership on one of the four bus 
request lines of the UNIBUS, produces the interrupt request, and specifies 
the vector addresses of the interrupt routine pointers located in memory. 

\ . , 
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0 



MUX 

HWIGH BYTE] 
2 



(LOW BYTE) 



CSR STATUS 



r7C> 



i 
1 


B 
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Page 56 does not exist in original 



Page 57 does not exist in original 



Page 58 does not exist in original 



Page 59 does not exist in original 



SWITCH PROGRAMMMABLE FUNCTIONS 

The DRll-L module contains two DIP switch, banks used to conveniently 
select the device address, the vector address, and the priority level of the 
interrupt requests. 

Vector Address — The vector address of the interrupt routin(^ pointer located 
Switches in memory is selected by six of the switches, allowing vec- 

tors up to 7748 to be specified. 

Priority Level — Two switches are provided to select one of the four Bus 
Switches Request priority levels (BR4 through 6R7) of the UNIBUS. 

Device Address — The address of the device is assigned with ten switches, 
Switches allowing the module address to be located within the upper 

4K address block dedicated to peripherals and user's de- 
vices. 
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Figure 3 DRll-L Connector and Switch Locations 



INTERFACE SIGNALS 

UNIBUS Signals — The input and output data, control, and status Signals 
conform to the UNIBUS signal specifications outlined in the PDP-11 Periph- 
erals Handbook published by Digital Equipment Corporation. The DRll-L 
module presents no more than one unit load on any UNIBUS signal line. 
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DEVICE SIGNALS — Data and control signals are transiFerred between the de- 
vices and interface by two cables that attach to connectors Jl and J2. The 
location of the connectors on the module is shown on Figure 3. Table 1 lists 
the pin assignments of each connector and the signal drive or loading specifi- 
cation. 

Table 1 

Device Connector Signals 



* Jl and J2 
Connector 
Pin 



Signal Name 



TTL 
Unit Load 



B 
D 
F 
J 
L 
N 
R 
T 
V 
X 

z 

BB 

DD 

FF 

JJ 

LL 

NN 

RR 

TT 

W 



)yTL 



DATA IN 15 H 
DATA IN 14 H 
DATA IN 13 H 
DATA IN 12 H 
DATA IN 11 H 
' DATA IN 10 H 
dAtA in 09 H 
DATA IN 08 H 
STATUS 0^ 
STATUS IN^ 
DATA IN 07 H 
DATA IN 06 H 
DATA IN 05 H 
DATA IN 04 H 
DATA IN 03 H 
DATA IN 02 H 
DATA IN 01 H 
DATA IN 00 H 
DATA ACCEPTED OUT B L 
DATA READY IN B L 



► 2 (each) 



35 (driving) 

^5 



2 (each) 



. 35 (driving) 
5 



* Remaining pins of Jl and J2 connect to logic GND on DRll-L 

Four lines provide TTL-compatibie signals between each GSR an dthe external 
device and can be used to establish a handshake routine for positive-control 
data transfers. Two lines can be used for status information to and from 
the processor, and two lines provide controlling information for data trans- 
fers utilizing program interrupts. The 8-bit byte or 16-bit data word from the 
device to the interface is supplied by the 16 Data In lines. 

CABLE ASSEMBLIES — Several cable assemblies are available from DIGITAL 
for use with the DRll-L module. Table 2 lists some of the recommended 
cable types and standard lengths available. 
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Table 2 



Standard 

Cable No. Connectors''' Type Lengths (ft.) 



BC07A XX 
BC07D-XX 
BC08R-XX 



H856 to open end 
H856 to open end 
H856 to H856 



20-twisted pair 

2, 20 conductor ribbon 

Shielded flat 



BC04Z-XX H856 to open end Shielded flat 



10. 15, 25 
10, 15, 25 

1^ 6, 10, 12, 20, 
25, 50, 75, 100 

6, 10, 15, 25, 50 



* The H856 connects directly to the DRll-L 

GENERAL SPECIFICATIONS \ 

Input Data 

Configuration Two parallel 16-bit data lines from a device. 

UNIBUS Signals Presents a maximum of one unit load on a 

UNIBUS line. 

Operating Temperature 5'C (41 °F) to 50°C (122'F) 

Relative Humidity 10% to 90%, without condensation 

Size Quad height — 10.5 in. (26.67 cm); single width — 

0.5 in. (1.27 cm); extended length — 8.5 in. 
(21.59 cm) 

Power +5 V ±5% at 1.5 A nominal 




DRll-L 



62 



DRUM 
2-WORD 
OUTPUT INTERFACE OPTION 



UNIBUS 



M SERIES 



Length: Extended' 
Height: Quad 
Width: Single 



^INTERRUPT CONTROL 

N — 

A 
V 



16 BIT DATA 



ADDRESS 



DRII-M 
OUTPUT 
INTERFACE 
OPTION 



\7 



16 BIT DATA 



STATUS/CONTROL 



16 BIT DATA 



DEVICE A 



DEVICE B 



STATUS /CONTROL 



Figure 1 DRU-M Interface 



DESCRIPTION 

The DRll-M is a complete, self-contained output interface used to transfer 
two independent 16-bit, parallel data words from the PDP-11 computer sys- 
tem to a user's peripheral device. It is directly compatible with the PDP-11 
UNIBUS and is designed for installation into one of the available Small Periph- 
eral Controller slots (SPCs) of a BBll-M, DDll-A, DDU-B System Interfacing 
Unit or into the PDP-11 processor unit. 

The DRll-M consists of address selection logic, interrupt control and priority 
level select logic, two Data Buffer Registers (DBRs), one for each word, and 
two independent Control /Status Registers (CSRs). 

Each register is word or byte addressable, and the register contents can be 
read bact< into the processor under program control, allowing the~full range 
of PDP-11 instructions to be used. Two control and two status lines between 
the user's device and the interface permit the establishment of a handshake 
routine to efficiently control the transfer of data. 

Data, status, and control signals from the interface to the user's device are 
supplied from open collector output drivers capable of sinking 32 mA of load 
current. Each output is connected to +5 V through a pull-up resistor. This 
feature allows a variety of user devices to be directly connected to the 
interface without the need of external line drivers and discrete components. 

All address selection, interrupt priority selection, and vector address selection 
is performed using Dual In-line Package (DIP) switches mounted on the 
module. These switches facilitate the installation of the module by eliminating 
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the need for priority plugs and soldering or removing jumper leads for ad- 
dress and vector selection. 

The DRll-M is designed for user applications and requires a minimum of 
external hardware to implement into the PDPll system. Two 40-pin con- 
nectors are conveniently mounted near the edge of the board. These connec- 
tors permit either one or two external devices to be easily connected using 
BC08R or BC04Z flat cables available from DIGITAL. These cables have the 
mating connectors premounted and are supplied in any specified length. 

The interface module occupies one SPC slot and is a qua^-height, extended- 
length, single-width module. 

FUNCTIONS 

DRll-M ELEMENTS AND SIGNAL FLOW 

The main elements of the DRll-M interface module and the data, control, and 
status signal flow are shown on Figure 2. The module provides the com- 
plete interface logic necessary to allow the efficient transfer of data from the 
UNIBUS to a user's device. 

CONTROL/STATUS REGISTERS 

Each CSR is a 16-blt register used to supply control and status information 
to the user's device and to provide control and status indicators of the user's 
device and interface to the processor. Each CSR is byte- or word-addressable. 

DATA BUFFER REGISTERS 

Each DBR is used to store 16 bits of data for transfer to the device. The 
DBR is a read/write register allowing the full range of PDP-11 instructions 
to be used. 

DATA/CSR MULTIPLEXER 

The multiplexer is controlled by the decoded device address and selects 
either 16 bits of data from a DBR or 16 bits of status and control informa- 
tion from a CSR for transfer to the UNIBUS. The selected output of the 
multiplexer is transferred to the processor under program control through 
the UNIBUS transceivers. 

ADDRESS SELECTION LOGIC 

The address selection logic decodes the addresses associated with each CSR 
and DBR and specifies the direction of data transfer. 

INTERRUPT CONTROL LOGIC 

The interrupt control logic requests bus mastership on one of the four bus 
request lines of the UNIBUS, produces the interrupt request, and specifies 
the vector addresses of the interrupt routine pointers located in memory. 

\ 
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\ 

SWITCH PROGRAMMABLE FUNCTIONS 

The DFMl-M module contains two DIP switch banks used to conveniently 
select the device address, the vector address, and the priority level of the 
Interrupt requests. 

Vector Address The vector address of the interrupt routine pointer lo- 
Switches — cated in memory is selected by six of the DIP switches, 

allowing vectors of up to 7748 to be specified. 

Priority Level Two switches are provided to select one of the four Bus 
Switches — Request priority levels (BR4 through BR7) of the 

UNIBUS. 

Device Address The address of the device is assigned with ten switches, 
Switches — allowing the module address to be located within the 

upper 4K address block dedicated to peripherals, and 

user's devices. 



3n^ 3n^ 



Q 



Q 



M786S 



PRIORITY LEVEL 
AND INTERRUPT 
VECTOR ADDRESS 
SELECTON SWIICHES 



D 



D 



J2 




DEVICE ADDRESS 
SELECTION SWITCHES 



O 1 2345678910 

cllllllllll 



h ri h 



Figure 3 DRll-M Copnectors and Switch Locations 



INTERFACE SIGNALS 

UNIBUS SIGNALS — The input and output data, control, and status signals con- 
form to the UNIBUS signal specifications outlined in the PDP-11 Peripherals 
Handbook published by Digital Equipment Corporation. The DRll-M module 
presents no more than one unit load on any UNIBUS signal line. 
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DEVICE SIGNALS — Data and control signals are transferred between the de- 
vices and interface by two cables that attach to connectors Jl and J2. The loca- 
tion of the'connectors on the module is shown on Figure 3. Table 1 lists the 
pin assignments of each connector and the signal drive or loading capability. 

Table 1 
Device Connector Signals 



TTL 
Unit Load 



* Jl and J2 




Connector 


Signal Name 


Pin 




D 

D 


rtATA m IT 1 u 

Un 1 M \J%J 1 Xp n 


U 




c 

r 


rtATA ni IT 1 9 u 
lJ/\ 1 A UU 1 lo n 


1 

J 


DATA m IT 1 9 U 


1 


riATA OUT 1 1 U 
UA 1 A \J\J 1 X 1 n 


n 


nATA m IT m 14 
UA'AUUi lu n 


D 


RATA r»i IT no u 
L/AiA Kjyji U9 n 


1 


nATA ni IT fia u 
UA 1 A UU 1 uo n 


V 


CTATI IC IM i 
olAI Uo IIN L 


V 
A 


CTATI IQ ni IT 1 
OlAI Ud UU 1 L 




DATA OUT 07 H 


BB 


DATA OUT 06 H 


DD 


DATA^UT 05 H 


FF 


DATA OUT 04 H 


JJ 


DATA OUT 03 H 


LL 


DATA OUT 02 H 


NN 


DATA OUT 01 H 


RR 


DATA OUT 00 H 


TT 


DATA ACCEPTED IN L 


W 


DATA READY OUT L 



' 20 (each) 



5 
20 



20 (each) 



5 
20 



•Remaining pins on Jl and J2 connect to logic GND on DRll-M. 

Four lines provide TTL-compatibie signals between each CSR and the ex- 
ternal device and can be used to establish a handshake routine for positive- 
control data transfers. Twp lines can be used for status information, to 
and from the processor, and two lines provide controlling information for 
data transfer utilizing program interrupts. The S^bit byte or 16-bit data word 
from the interface to the device is supplied by the 16 Data Out lines. 

CABLE ASSEMBLIES — Several cable assemblies are available from DIGITAL for 
use with the DRll-module. Table 2 lists some of the recommended cable 
types and lengths available. 

Table 2 

Recommended Cable Assemblies 



Cable No. 


Connectors* 


Type 


Standard Lengths <ft.) 


BC07A-XX 


H856 to open end 


20-twisted pair 


10, 15, 25 


BC07D-XX 


H856 to opeaend 


2, 20 conductor 


10, 15, 25 




ribbon 




BC08R-XX 


H856 to H856 


Shielded flat 


1, 6, 10, 12, 20, 








25, 50, 75, 100 


BC04Z-XX 


H856 to open end 


Shielded flat 


6, 10, 15, 25, 50 



*The H856 connects directly to the DRll-M. 
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GENERAL SPECIFICATIONS 



Output Data 
Configuration 

UNIBUS Signals 

Operating Temperature 
Relative Humidity 
Size 



Power 



Two parallel 16-bit data lines to a device providing 
TTL-cbmpatible levels. 

Presents a rnaxrmum of one unit load on a UNIBUS 
line. 

5°C(41°F) to 50°C(122"F) 

10% to 90%, without condensation 

Quad height — 10.5 in. (26.67 cm); single width — 
0.5 in. (1.27 cm); extended length — 8.5 in. (21.59 
cm) 

' ( 
+5V±5% at 1.5 A nominal 




DRll-M 
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M105 
ADDRESS SELECTOR 



Length: Extended 
Height: Single 
Width: Single 



PDP-11 
UNIBUS 



M SERIES 



iBI 



[I? 

[U 



iE2 



02 



[IF 



N2 



P2 



[I? 



U2 



1 



HI 



© 

© 
© 



H2. 



iF2. 



«I2. 



SSYN INHIBIT 



BUS MSYN 



BUS 
A17L 



A16 L 



AtS L 



A13 L 



A12 U 



AH L 



A10 L 



A09L 



ftOTL 



-012O- 
■0110- 
-0100- 
-090- 
-080- 



Apg L 



•060- 
-050- 



BUS 
CONTROL 



^ AO^ L o 4 o- 



A03 L 



-o 3 o- 



BUS SSYN L 



API L 



M(d L 



CI 



eg L 



GATING 
CONTROL 



EXT 
6N0 



TEST POINT 



SELECT 0H 



SELECT 2 H 



SELECT 4 H 



SELECT6 H 



OUT HIGH H 



OUT LOW H 



IN H 



[1] * CONNECTS TO UNIBUS 



_L2| 



© 



S2 



T2 



R2 



ijo) 



M2 



Ml 



Volts 

+5 

GND 



Power 
mA (max.) 
338 



Pins 
A2 

C2. Tl 



The M105 is used in PDP-11 device interfaces to decode the UNIBUS Address 
and Control lines. It provides gating signals for up to four device registers 
thttt indicate a register is being referenced and three cor^rol signals that 
indicate the direction for data flow. * 

The selector decodes the 18-blt adress A <17:00> as follows: A <17:13> 
defines the section of the address map that is assigned to peripheral devices 
and must all be asserted. A <12.03> are determined by jumpers on the 
card. 
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When the jumper is "in" ihe selector will look for a zero in the binary equiv- 
alent of the register address on that address line. A02 and AOl are decoded 
to provide one of the four SELECT outputs. AOO is for byte control. 

Signals for gating control are determined by decoding AOO, CI, and CO. The 
signals obtained are: IN, OUT LOW, and OUT HIGH. 

Instruction* Corresponding M105 Output 

DATI or DATIP IN 

DATO OUT HIGH and OUT LOW 

DATOB with AOO = 0 OUT LOW 

DATOB with AOO = 1 OUT HIGH 

*DATI, DATO, DATOB, DATIP are not PDP-11 instructions. They are names gtven to the 
various C-line combinations which are automatically configured by the processor for 
each instruction. 

IN is used to gate data from a device register onto the bus. OUT LOW is 
used to gate D <07:00> from the bus into the low byte of a device register. 
OUT HIGH is used to gate D <15:08> into tbsjiigh byte of a device register. 

With respect to the bus master, the M105 is actually the "slave" in the re- 
lationship when a data transfer occurs on the UNIBUS. 

SSYN is asserted whenever it sees its address being referenced and MSYN 
is asserted. SSYN is negated when MSYN is negated. There is an approximate 
100 nsec delay between receiving MSYN and the assertion of SSYN to allow 
for decoding. Additional capacitance can be added to the delay circuit to in- 
crease this time, if desired. A practical maximum is a 1000 pf capacitor 
which will produce approximately 400 nsec of delay. If a longer delay is 
needed, the SSYN INHIBIT line can be grounded, which will prevent SSYN 
from being issued at all from the M105. The SSYN signal would then be 
generated from another source after the desired delay. SSYN INHIBIT can 
be left open when not used. 

EXT GND is used for testing purposes and should be tied to ground in 
normal operation. 
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M783 
UNIBUS DRIVERS 



Length: Extended 
Height: Single 
Width: Single 



^ 



MZi 



HI] 



{!] 



S2 



Power 
Volts mA <max.) 
+5 70 
GND 



UNIBUS 



M SERIES 



0}^ 



uy 



ny 



UP 
[IP 



CONNECTS TO UNIBUS 
D'BUS DRIVERS 



Pins 
A2 

C2, Tl 



0>^ 
E> 



I© 



4321 



The M783 consists of 12 low-leakage bus drivers to be used as an input inter- 
face to the UNIBUS of the PDP-11. Each driver is open-collector and is capa- 
ble of sinking 50 mA with a collector voltage of less than 0.8 volts. The out- 
put high leakage current is 25 microamperes maximum. Pin D2 is a TTL out- 
put that allows additional drivers to be controlled by the single enabling gate 
(inputs HI and Fl). Pin Ul provides +3 volts as a source of logic HIGH for 
10 TTL loads. 
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M784 
UNIBUS RECEIVERS 



Length: Extended 
Height: Single 
Width: Single 




The M784 consists of 16 high-impedance inverting bus receivers that are 
used as an output interface from the UNIBUS of the PDP-11. 

SPECIFICATIONS 

Input Loading: All inputs present one UNIBUS receiver load. (See UNIBUS 
description.) 

Output Drive: Each output has a fan-out capability of 7 standard TTL loads. 
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UNIBUS 



M SERIES 



M785 

UNIBUS TRANSCEIVER 



Length: Extended 
Height: Single 
Width: Single 



R= BUS RECEIVER 
D=BUS DRIVER 



[g]=CONNECTS TO UNIBUS [F|fi 



UNIBUS 



M SERIES 




Power 

Volts mA (max.) Pins 

+5 118 A2 

GND C2, Tl 



The M785 consists of eight drivers and eight receivers for use as a device 
interface with the PDP-11 UNIBUS. Pin Ul provides +3 volts and has an 
output capability of 10 TTL loads. Driver gates have open collectors and are 
capable of sinking 50 mA with a collector voltage of less than 0.8 volts. The 
output high leakage current is 2.5 microamperes maximum. 
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M795 
WORD COUNT AND 
BUS ADDRESS MODULE 



UNIBUS 



M SERIES 



Length: Extended 
Height: Double 
Width: Single 
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AC2, ATI, BC2, BTl 
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The M795 Word Count and Bus Address Module can be used to provide two 
of the essential elements of an interface which connects Direct Memory Ac- 
cess (DMA) devices to the UNIBUS. This module contains two 16-bit count- 
ers. One counter is used to count the number of data transfers that occur. 
The other counter is used to specify sequential bus addresses for the sources 
and/or destinations of the data to be transferred. 

FUNCTION 
Word Counter 

- Block transfer devices that function as bus master during data transfers usu- 
ally require two registers to hold the parameters of the transfer. One param- 
eter is the transfer word count, initially, this register (WC) is loaded by the 
computer with the 2's complement of the number of ytrords to be transferred 
to or from memory. This number is clocked into the WORD COUNT register in 
two 8-bit bytes or one 16-bit word using the LOAD WC L (low byte) and LOAD 
WC + 1 L (high byte) inputs. After each data transfer is complete, the WC 
register is incremented by clocking the COUNT WC H input. When the new 
value of the WC register reaches 0, an overflow signal is generated at the WC. 
OVFL L output, which would be used to inhibit further transfers and to signal 
that the transfer is complete. Information can be transferred in either words 
(16 bits each) or bytes (8 bits each), because the WC register may also be 
used as a byte counter. 

Address Counter 

The second parameter used in block transfers is the transfer address. Ini- 
tially, a bus address register (BA Counter) is loaded by the computer with an 
address that specifies the memory location to or from which data is to be 
transferred. This address is loaded from the BUS DATA lines (D00-D15) in 
two 8 bit bytes or one 16-bit word using the LOAD BA L (low byte) and LOAD 
BA+1 L (high byte) inputs. The BA register is incremented after each trans- 
fer by clocking the CLOCK BA H input. The register continually "points" to 
sequential memory locations for block transfers. . 

BUS Drivers 

Outputs of both the Word Counter and BA Counter are connected to a set of 
UNIBUS drivers so that the counter contents can be gated to the DATA BUS 
when the appropriate enable signals (BA TO BUS L and WC TO D BUS L) are 
asserted. In addition, the BA register has a set of drivers with independent 
outputs to allow it to drive the ADDRESS BUS when the BA TO BUS L input 
is asserted. 

Counter Increments 

The BA register can be incremented by either 1 or 2 as a function of the BA 
INC CONTROL input (High=l, Low=2). This incrementation capability allows 
addressing of either sequential bytes or words. The register is incremented 
on the trailing edge of a positive pulse applied to the COUNT BA H input of 
the register. The carry between bits 03 and 04 is broken and brought out to 
pins BVl (BA CARRY OUT L) and BUI (BA CARRY IN L). Normally these 
pins are connected together externally to allow for a full 16-bit count. They 
can, however, be controlled to inhibit the carry and to force repeated ad- 
dressing of 16 sequential byte addresses. This feature can be used in device- 
to-device transfers. An overflow pulse (BA OVFL L) is provided as an output 
whenever the register is incremented from all I's to all O's. 

The WC register is incremented by either 1 or 2 as a function of the WC INC 
CONTROL input (High=l, Low=2). The register increments on the trailing 
edge of a positive pulse applied to the COUNT WC H input of the register. 
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An overflow pulse Is also available at fiin BS2 (WC OVFL L).^ Both registers? 
reset to O's whenever the CLEAR WC+BA H signal is asserted. 

The storage elements on the M795 module are not edge triggered devices. 
Data must be established and held for the duration ^of the loading pulse. 

The data inputs to the registers are not bus receivers and can not be con- 
nected directly to the UNIBUS. Use the M784 or equivalent. 

APPLICATIONS 

This module is used to interface direct memory access (DM/K) devices to the 
UNIBUS. 

SPECIFICATIONS 

Propagation Time: 



- FROM TO ns (max.) 

CLEAR WC+BA WC+BA Outputs 125 

LOAD WC L WC Outputs 75 

LOAD WX+1 L WC Outputs 75 

COUNT WC H WC Outputs 60 

LOAD BA L BA Outputs 75 

LOAD BA+1 L BA Outputs 75 

COUNT BA H BA Outputs 60 
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M796 

UNIBUS MASTER CONTROL 



Length: Extended 
Height: Single 
Width: Single 



UNIBUS 



M SERIES 



■Si. fio| b«A10BU5H 

{jSjENOCYOE H 

{1o]msynwmth 




Power 
Volts mA (max.) 
+5 130 
GND 



Pins 
A2 

C2,T1 
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The M796 UNIBUS Master Control Module provides the necessary logic to 
enable a peripheral device to perform a bus cycle on the UNIBUS to transfer 
data. In addition to controlling the four transfer operations (DATI, DATIP, 
DATA, and DATOB), the M796 module generates strobe and gating signals 
which transfer both addresses and data to and from the bus; handles de- 
skewing of data received from the bus; protects against data transfers to 
nonexistent devices by the use of time-out circuits; and provides a flip-flop 
and integrating one-shot that can be used by the customer for special control 
functions. 

Any device in the PDP-11 system may have the capability of gaining control 
of the bus and, as bus master, of transferring data to and from other slave 
devices on the bus. This operation is performed independently of processor 
control and is usually referred to as Direct Memory Access (DMA). The logic 
necessary to gain control of the UNIBUS is provided by the M7821 Interrupt 
Control module. 

Upon becoming bus master, the device is free to conduct a data transfer. A 
DATI cycle is performed if the device needs data (either a word or byte) from 
memory or from another peripheral; a DATO cycle is performed if the device is 
storing a word of data in memory (DATOB cycle for byte storage) or is send- 
ing data to another peripheral; a two-cycle DATIP, DATO(B) operation is per- 
formed if <lata held in memory is to be modified as in the case of increment 
memory or add to memory functions. 

In order to execute one of these transfer cycles, the M796 must set Bus CO 
and Bus CI for the required type of data transfer, assert the MSYN signal, 
and then wait for the SSYN repsonse from the slave. Data must either be 
gated to the Bus datp lines on a DATO cycle or be received anci strobed at the 
proper time on a DATI cycle. 

The Bus CI and Bus CO outputs of the M796 can directly drive the UNIBUS 
and are asserted as a function of the control inputs CI CNTRL H and CO 
CNTRL H. Table 1 lists the states of the control inputs for the four possible 
bus cycles. Note that for DATI or DATO, only CI has to be varied while hold- 
ing CO low. " 



Table 1. Control Line Input States for M796 



CI 


CO 


Bus Cycle 


L 


L 


DATI 


L 


H 


DATIP 


H 


L 


DATO 


H 


H 


DATOB 



The data transfer sec^ience is triggered by meeting the AND condition of the 
low state of both MASTER L (H2) and RESTART L (HI). Usually these two 
inputs are tied together and are connected to the MASTER L signal produced 
by the M7821 Interrupt Control Module. When the AND condition is met, it 
produces the START signal, which is an internal signal in the M796 module. 
At the transition of the START signal, both Bus 01 and Bus CO are asserted 
as determined 'by their respective control inputs. The ADRS to Bus signals 
are also asserted and are used to gate the address of the slave onto the bus 
address lines (Bus A 17:00). If an output cycle is specified (CI = 1), the DATA 
TO BUS signals (both H and L) are also asserted and are used to gate data to 
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be transferred to the slave onto the bus data lines (Bus D 15:00). When the 
MSYN WAIT one-shot times out after 200ns, the BUS MYSN L signal is as- 
serted. The master device then waits for a response from the slave. 

In a data output cycle (DATO), assertion of SSYN by the slave causes BUS 
MYSN to be negated immediately. After a 100-nanosecond delay, BUS CI, 
BUS CO, ADRS TO BUS and DATA TO BUS are negated. When these signals 
drop, the END CYCLE pulse appears and is usually used to rielease control 
of the bus. 

In a data input cycle (DATI), the assertion of the SSYN input produces a 200- 
nanosecond pulse that appears as DATA WAIT. This delay allows time for 
the incoming data to deskew and settle. The trailing edge of the DATA WAIT 
pulse can be used to clock data from the slave into the master device. If a 
strobe pulse is necssary, the trailing edge of DATA WAIT can be used to trig- 
ger the one-shot provided on the module. In either case, once data is re- 
ceived, a positive-going edge is applied to DATA ACCEPTED L causing BUS 
MSYN to be negated initially, followed by negation of ADDR TO BUS, BUS CI. 
and BUS CO 100 nanoseconds later. 

A JTIME-OUT flip-flop is set if a SSYN response fails to occur within 20 micro- 
seconds after BUS MSYN is asserted. When this flip-flop is set, the bus cycle 
is terminated and END CYCLE is issued. The TIME OUT signals are used to 
indicate an error condition. The TIME-OUT flip-flop is cleared by asserting the 
CLEAR TIME OUT L Input. 

The M796 module provides an extra flip-flop that has the clock (V2), reset 
(U2), 1 side (VI) and 0 side (Ul) available to the customer. The flip-flop is 
clocked by a positive transition on the clock input. 

An integrating one-shot is also provided on the module. This one-shot is trig- 
gered whenever the output of the gating input becomes true. The output 
pulse width at pins T2 and M2 is 150 nanoseconds but can be lengthened by 
adding capacitance across the pair of split lugs on the module. The following 
equation can be used to determine the approximate value of the added capac- 
itance: 

Tpw -0.32 (RC 

where Tpw is in milliseconds, R is in ohms, and C is in rhicrofarads. (The 
internal resistance is 5.6 kilohriis.) 

Note that all times mentioned above represent nominal values with a tol- 
erance of ± 25%. The delays and pulses provided by the module are con- 
trolled by simple RC circuits: therefore, if the user has any special require- 
ments, part substitutions can be made to alter these time constants. 
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M798 
UNIBUS DRIVERS 



Length: Extended 
Height: Single 
Width: Single 
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Power 

Volts mA (max.) Pins 

+5 320 A2 

GND C2, Tl 
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This module consists of 16 noninverting UNIBUS drivers with pull-up resistors 
on the inputs. The module is used in device interfaces to minimize the loading 
effect caused by attaching several drivers to the same UNIBUS signal line, as 
in the case of a device containing multiple registers. ^Loading of signal lines 
on the UNIBUS is restricted to the equivalent of one UNIBUS receiver input 
and two UNIBUS driver outputs per device. 

In addition, the M798 module allows the UNIBUS to be driven by standard 
open-collector TTL gates. The inputs to each M798 driver circuit are pulled 
up to -|-5 V through a 1-kilohm resistor. As shown below, an internal wired- 
OR multiplexer is created that is driven from standard open-collector gates or 
from UNIBUS drivers (such as the M1501 or M783). 



♦ 5V 



' 1KQ 



REG A BIT n 



M141 p < 



REG B BIT n- 



REG C BITn- 



> 
> 



-C^^^^^^^> M798 



DRIVER 



INTERNAL BUS 




Typical Use of M798 



SPECIFICATIONS 

Output Driver: The output Low voltage for each of the 16 outputs is 0.8 volts 
maximum with 50 mA current sink. The output High leakage current is 25 
microamperes maximum. 

Propagation Delay: The propagation delay between the 16 inputs and the 
driver outputs is 60 nanoseconds maximum. ' 
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1^1500 
BIDIRECTIONAL BUS 
INTERFACING GATES 



UNIBUS 



M SERIES 



Length: Extended 
Height: Single 
Width: Single 



Power 

Volts mA (max.) Pins 
300 A2 



C2, Tl 
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This module provides gating arrangements useful for interfacing to the 
PDP-11 computer. It Is designed specifically to provide additional gating and 
output drive when using the M1501-M1502 input/Output modules. An ex- 
ample is shown in the following figure. 
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Using M 1500 AND Gates with M1501 In PDP-11 Interfacing. 



APPLICATIONS 
PDP-11 Interfacing: 

1. ANDing SELECT signals with direction signals (OUT HIGH, OUT 
LOW) to load registers 

2. ANDing SELEC1\ signals with direction signals (OUT HIGH, OUT 
LOW) to form set or reset pulses 

3. Receiving the INIT (initialize) signal from the UNIBUS and distribut- ^ 
Ing it via high-power drivers 

General-Purpose Use: 

y 

1. Providing general-purpose high fan-out drivers 

2. Providing a stage of inversion with high fan-out capability 

FUNCTIONS 

Inputs marked B present one bus receiver load to the UNIBUS. All other 
inputs are standard TTL; unit loads are shown on the logic diagram. 

Output drivers marrked D provide open collector outputs with jumpered-in 
pull-up resistors to enable their use in general logic applications. These out- 
puts may be used to drive UNIBUS lines if the associated jumpers are cut 
by the user. 

All other outputs provide standard TTL drive as shown on the logic diagram. 
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M1501 
BUS INPUT INTERFACE 



Length: Extended 
Height: Single 
Width: Single 




UNIBUS 



M SERIES 



Power 

Volts mA (max.) Pins 

+5 300 A2 

GND C2, Tl 
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The M1501 contains 16 bus drivers for interfacing parallel input data to the 
PDP-11 UNIBUS. The module includes two control flags that can be used for 
interrupt request and enable. Dati in|3uts from an external device enter a 
40-pin flat cable connector mounted on the module itself. All inputs are 
diode-clamped to ground and +5 volts. 

APPLICATIONS 

Up to four M1501 modules (64 bits) can be controlled by one M105 Address 
Selector module, one M7821 Interrupt Coi^trol module, and one M1500 Bus 
Gates module. 

FUNCTIONS 

Input from Cable: Data is gated from the input connector to the bus when 
both enabling inputs (K2, J2) are HIGIH. 

Send/Receive Control Signal: Two additional lines are provided from the 
cable connector (Pins X and Z) to the module to allow communications be- 
tween the device and the computer. 

Flags: A request flag (RQ) and a request enable flag (RQE) are included on 
the M1501. Both flags can be cleared on start-up directly from the PDP-11 
INITIALIZE bus line through pin Fl. Both flag clock inputs are transition sen- 
sitive. The data input to each flag is buffered by a bus receiver; thus, status 
data can be entered directly from a bus line if desired. The request enable 
flag cloci< input responds to a HIGiH going transition. The request flag has 
an input that is sensitive to a LOW going transition and an input that is sen- 
sitive to a HIGI-I going transition. (Whichever input is not used should be 
connected to the proper logic level to unassert it.) The user is given the 
maximum degree of freedom to use the request enable flag as a D flop or as 
an RS flop because all inputs are accessible. 

The output of each flag is fully buffered (not shown in diagram) to protect 
the flag data as well as to provide high output drive. 

SPECIFICATtONS 
Propagation Time: 

FROM TO ns (max.) 

40-Pin Cbnnector Bus Data Outputs 50 

Inputs 

Flag Clqclt Inputs Flag Outputs 75 
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M1502 
BUS OUTPUT INTERFACE 



UNIBUS 



M SERIES 



Length: Extended 
Heig,ht: Double 
Width: Single 



Volts 



Power 
mA (max.) 
750 



Pins 
A2 

C2, Tl 



The K/M502 Is a versatile buffered output interface for up to 16 data bits, 
arranged in two 8-bit bytes. The module accepts data from the UNIBUS Data 
lines and stores it in a 16-bit register. Outputs are supplied both to a 40-pin 
flat ribbon connector and to the backplane. Open-collector output drivers 
with pull-up resistors are-mcluded on the module. Three flip-flops with type 
' D as well as type RS inputs are provided as flags or synchronizing devices. 

APPLICATIONS 

Although intended for parallel data output this module may be used to drive 
indicators or small-^relays provided the voltage and current limits are not 
exceeded. 

Up to fou? M1502 modules (64 bits) can be controlled by one M105 Address 
Selector module, one M7821 interrupt Control module, and one M1500 Bus 
Gates module. ^ 

FUNCTIONS — 
Input from Bus: Data is loaded from the bus to the storage register on a 
positive transition of the loading inputs (ABl and AAl), which loads the 
upper and lower bytes respectively providing the enabling input (AMI) is ^ 
high. 

Flags: Three edge-triggered flip-flops are provided. Two of the flags may be 
triggered by either negative or positive transitions; these supply buffered 
drive to 40-pin connector outputs. The third flag is triggered by positive-going 
transitions only. This flag provides an output to the blackplane only. 

All flags have separate reset inputs and may also be cleared by a common 
reset line. The set and reset functions occur on logic HIGH levels. Unused 
inputs should be connected to a logic level that will unassert them. Spare bus 
drivers are also provided. 

Spare Lines: Two additional lines are provided between the cable connector 
and the module for additional communication between the module and the 
external device. These lines are diode protected against voltage over shoot 
below —0.75 volts or above -|-5.75 volts. 

SPECIFICATIONS 
Propagation Time: 

FROM TO ns (max.) 

BUS DATA Input 40-Pln Output 100 

FLAG CLOCK Input 40-Pin Output ^ 150 

FLAG SET or CLEAR Input Backplane Output 100 
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Output Drive: Oututs to the 40-pin connector are supplied by open-collector 
high-voltage drivers. Resistors (IK^^ohm) included on the module provide 
pull-up or current sinking for up to 20 TTL unit loads. If the supplied resistors 
are removed, the output stages will sink up to 40 mA at logic LOW and will 
withstand a HIGH level of up to +30 volts. These outputs may therefore be 
used to drive many types of indicators and even relays. However, if induc- 
tive loads are driven, diodes should be wired across each load to bypass 
inductive kickback. 
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DESCRIPTION - 

The M1710 UNIBUS® Interface. Foundation Module Is a general-purpose board 
that provides for the construction of custom interface designs using inte- 
grated circuits (ICs). The M1710 lets users build their own interfaces be- 
tween a wide variety of peripheral equipment and any PDP-11 processor. All 
essential UNIBUS logic, such as device address selection, interrupt circuitry, 
and bus receivers and drivers, is provided on the lower portion of the module. 
The remainder of the board contains IC mounting pads with wire-wrappable 
pinsp for custom logic designs. These pads accommodate combinations of all 
common type of DIP (dual-in-line-package) integrated circuits with up to 40 
pins. 

The M1710 is a versatile module, ideal for any type of application. The end 
user, such as a university laboratory familiar with ICs, will appreciate both the 
capabilities and cost-effectiveness of the module; ho additior\al mounting 
panel or power supply is required. These features, coupled with the fact that 
the M1710 is capable of automatic wire wrapping, also should prove valuable 
to the Original Equipment Manufacturer (OEM) who requires many custom 
interfaces. And, in ail cases, the module is easily adaptable to accommodate 
any changes in interface design. 

The M1710 plugs into any Small Peripheral Controller (SPC) slot of a DEC- 
kitll-M Instrument Interface or DDll Peripheral Mounting Panel. Addition- 
ally, it may be used in a system unit such as the BBll-A. Connection to user 
equipment is made via a cable connector mounted on the M1710 module. 



FEATURES 

• "Do-it-yourself" interfacing. 

• Complete single-card interface. . 

• Plugs directly into Small Peripheral Controller (SPC) slot. 

• Can be used with DECkitll-M Instrument Interface Kit. 

• Saves hardware and building costs. 

• Preassembled/pretested UNIBUS circuitry eliminates need to build the re- 
quired bus interfacing functions. 

• Wire-wrappable interconnections— cornpact, 30-gauge wiring used for all 
IC lead interconnections. 

• I/O connection directly to module board — standard 40-conductor cables 
available. 

• All accessories and tools available. 

• Accepts all common Dual-in-Line Packages (DIPs); nriounts up to 16 of the 
14- or 16-pin type plus a multi-use pad set that mounts two 40-pin types, 
three 24-pin types, four 14- or 16-pin types, or combinations of theSe. 

• Additional bus driver and bus receiver . ICs available — special high-imped- 
ance devices: DEC 8881, DEC 8640. 

• Includes source of -f 3 V- — convenient for tying unused TTL inputs high, etc. 
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APPLICATIONS 

Since more and more devices are becoming available in DIP form, quite com- 
plex systems can be built on the M1710. Some typical applications include: 

• Multiword input and/or output. 

• Programmable instrument interfaces. 

• Interprocessor buffers. 

• Custom peripheral controllers. 

• Interfacing of: 

Microprocessors 

A/D converters < 

Multiplexers 

Counters 

Shift registers 

ROM and RAM memories 

Arithmetic logic units 

Programmable logic arrays (PLA) 

FUNCTIONS- 

The Ml 710 can be divided into four functional sections: address selector/ 
logic, bus request \og\c, data bus interface, and miscellaneous logic. 

Address Selector Logic " ■ 

The address selector logic provides gating signals for up to 16 full 16-bit 
device registers. Addresses v/hich can be chosen by the user range from 
760000, to 777777s. The basic M1710 address selection is similar in func- 
tion to the M105 Address Selector Module. The input signals for the address 
selector logic consist of: 18 address lines BUS A<17:00>; two bus control 
lines, BUS C<1:0>; and a master synchronization lines, BUS MSYN. The ad- 
dress selector decodes the 18-bit address on lines BUS A<1,7:00>; receives 
MSYN and issues SSYN. 

Bus Request Logic 

The M1710 contains the circuitry required to make a bus request and gain 
control of the bus at either the NPR level or at one of the BR levels. The 
module also includes circuitry required for transferring a vector address dur- 
ing an interrupt operation. 

Data Bu& Interface 

The M1710 contains standard UNIBUS receivers which provide a buffered bus 
signal output for each of the 16 data lines OUT 00 H through OUT 15 H. 
Output drive capability of these receivers is seven TTL unit loads. 

The module also includes 16 bus drivers which drive data lines IN 00 H 
through IN 15 H. Input loading to each driver is one standard TTL load. All 
16 drivers have two common gate line enables (DRIVER ENABLE 1 and 
DRIVER ENABLE 2) which require a logic Low for assertion. Each enable rep- 
resents four TTL unit loads. 

Miscellaneous Logic 

The following additional circuitry is also provided on the M1710: 

• Inverted and noninverted buffered initialize outputs (pins 58 and 59) capa- 
ble of driving 28 and 30 TTL unit loads respectively. 

• A general-purpose flip-flop with all input and output pins available for wire 
wrap (pins 51 through 57). 

• A +3-volt sourcg, (in 50) capable of driving 30 TTL unit loads. 
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M1801 
16 BIT RELAY 
OUTPUT INTERFACE 



UNtBUS 



M SERIES 



Length: Extended 
Height: Quad 
WMth: Single 



Volts 



Power 
mA (max.) 
1450 



Pins 
A2 

C2. Tl 
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The M1801 is a PDP-11 interface module containing the bus receivers, relay 
drivers, and control logic needed to program 16 isolated single-pole relay con- 
tacts. The relay contact outputs are available at two 40-pin cable connectors 
mountpd on the module. V 

APPLICATIONS 

For interfacing to the PDP-11, the M1801 must be used with the M105 Ad- 
dress Selector (or equivalent). The M105 decodes the UNIBUS address lines 
and causes transfer of information through the M1801 under program con- 
trot. Interrupt.circuity is also built into the M1801 and can be used in con- 
junction with the M7821 or equivalent. An example of a typical PDP-11 inter- 
face is shown in the M1623 description. 

FUNCTIONS 

Registers: The M1801 contains two 8-bit read-write registers, both interfaced 
to the computer bus data tines by bus receivers. Data from the computer is 
cloclted into the registers by strobing signals derived from an M105. The 
registers have read-back capability for PDP-11 instructions that require a 
DATIP-DATO sequence. The user has the' option of strobing a single 16-bit 
word or two 8-bit bytes. A logic HIGH (binary ONE) loaded into a register bit 
activates the corresponding relay output. Each relay output has a jumper 
and split lugs which allow the user to insert contact filter circuits, v 

Data Strobe Outputs: Either of the register-loading injput pulses will trigger the 
two DATA STROBE output circuits. One of these outputs Is a transistor driver 
circuit capable of sinking 100 mA (clamped to +5 volts). If jumper W54 is 
removed, the user can switch up to 20 volts at this, output. 

The second DATA STROBE circuit contains a one-shot which drives a- relay 
to provide a momentary contact closure. The one-shot has an internal po- 
tentiometer for pulse-width adjustment from 5 to 20 ms. External capacitance 
can be added to split lugs on the module to increase the contact closure 
time. Jumpers (W56 and W55) are provided which allow the user to choose 
whether the relay output will be energized on a HIGH or LOW logic level. 
Both DATA STROBE outputs are available at the 40-pin connector. 

READY Relay and Level Inputs: When the interfaced device has received data, 
it can signal the M1801 that it is ready for another transfer by either ert- 
ergizing the READY relay or by applying a TTL low signal at pin TT of the 
edge connector Jl. The relay has a 5-volt coil rating and pulls in at 4.2 volts. 
A jumper (W52) and split lugs are provided for users who want to add a 
voltage divider circuit. 

The signal on pin TT must be in the form of a HIGH-to-LOW transition: must 
be HIGH for min. of 4 ms then go LOW for min. of 8 ms. Contact filtering 
(6.8 ms min.) is provided for either READY input to prevent false triggering 
due to contact bounce. The switch filter output sets the INTERRUPT flag, the 
output of which can be used to request an interrupt. Therefore, continuous 
\ interrupts can be made at 12 ms intervals. This timing relationship is shown 
in the following figure. 



PIN 
TT 



j« 6.8MS iil.aMS , 

i i • 

I 



4 MS 8 MS mi 

SETUP ^ INTERRUPT REQUEST ' 
TIME ' TIME ' 
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Flags: The INTERRUPT flag can be set by the READY signal from the external 
equipment. Interrupt capability is enabled by a second flag, INTERRUPT EN- 
ABLE, which can be set under program control. Both the INTERRUPT and 
INTERRUPT ENABLE flags can be applied to an M7821 (or equivalent) for 
computer interrupt. The INTERRUPT flag is cleared by the register-loading 
signals from the M105; both flags are always cleared by computer power-ups. 

Register Preset Jumpers: Each register bit on the M1801 has a jumper which 
causes that particular bit to clear on power-on. If the user wisRls to have a 
particular bit set on power-on, he must remove the jumper provided and 
install the particular jumper which sets that bit. Care should be taken to in- 
sure that both the set and clear jumpers are not inserted simultaneously. 



DATA 


Jumper 


Jumper 


Bit 


to CLEAR 


to SET 


DOO 


Wl 


: W2 


DOl 


W3 


W4 


D02 


W5 


W6 


D03 


W7 


W8 


D04 


W9 


WIO 


005 


Wll 


W12 


D06 


WIS 


W14 


D07 


W15 


W16 


DOS 


W17 


WIS 


009 


W19 


W20 


DIO 


W21 


W22 


Oil 


W23 


W24 


D12 


W31 


W32 


013 


W29' 


W30 


D14 


W27 


W28 


D15 


W25 


W26 



Status Gates: Status gates on the M1801 give the programmer the ability to 
check the states of hte INTERRUPT and INTERRUPT ENABLE flags. These 
gates are, software-enabled through the address selector (M105). 

CAUTION 

When the high output voltage or current capabilities of the M1801 are used, 
the M1801 should be shielded from all computer circuitry. 

SPECIFICATIONS 
Relay Contact lUitings: 

Voltage: 
Current: 
Power: 

Insulation resistance: 
Data Strobe Ou^>ut- 



100 V max^ 
0.5 A max. 

10 W max. resistive load 
1,000 megohms 



Current Sinking: 
Voltage: 



100 mA max. 
20 V max. 
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M7821 

INTERRUPT CONTROL MODULE 



PDP-11 
UNIBUS 



M SERIES 



Length: Eidended 
Height: Single 
Width: Single 
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a 
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K1 



Ml 



M2 



BUS D02 L 
BUS 003 L 
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BUS DOS L 
BUS D06 L 
BUS D07 I 
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BUS INTR L 
A INTR DONE 
8 INTR DONE 



Power 

Volts mA (max.) Pins 

+S 550 A2 

GND C2, Tl 
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The M7821 Interrupt Control Module is ysed with the interface logic of a 
device in the PDP-11 systems. The M7821 allows one or two devices that 
request an interrupt to gain access to the UNIBUS and become bus master 
for one or more data transfers. It also provides a vector control circuit to 
enable the selection of an address in memory at which the device subroutine 
is stored. 

The module consists of an A Master Control, B Master Control, and Vector 
Control logic. Either of the two master control circuits can be used to gen- 
erate a Non-Processor Request (NPR) for direct data transfers to memory 
(DMA) or^a Bus Request (BR) which interrupts the current processor pro- 
gram. The A Master Control, however, is normally used for generating the 
NPR and the B Master Control for the BR. When used as a DMA control, the 
A Master Control has the ability to perform a t^rst mode block transfer 
which allows more than one data cycle to be performed each time the device 
becomes bus master. 

The B Master Control contains logic which can be implemented to allow 
the monitoring of the bus NPR line. This capability permits an NPR initiated 
by a device to be honored under certain conditions and the device to gain 
access to the bus even though a BR from another device has occurred prior 
to the NPR. A jumper lead can be removed from the module to disable this 
feature if the B half is used for NPR transfers. 

The sequence of interrupt control signals between the M7821 and processor 
is similar for both the NPR and BR; however, an interrupt signal and vector ^ - 
address is generated after the device becomes master during a BR. The 
interrupt signal halts the operating program in the processor and the vector 
address specifies a location in rnemory where the starting address of the 
interrupt status routine and a status word is stored. 

FUNCTION 

The interrupt request generated by a device is received as a High level on 
either A REQUEST 1 or B REQUEST 1 input. The associated A REQUEST 2 
and B REQUEST 2 inputs must be enabled with a High level to generate a 
bus request. A non-processor request is initiated by the A Master Control 
and the BUS A BR output is wired to the NPR bus line. The BUS A BR output 
becomes Low during the request interval. The proce^or responds to the 
NPR by issuing a high level to the A BG IN input. The A Master control 
issues^ Low BUS SACK signal to the processor to acknowledge the A BG IN 
signal and the BUS BBSY signal is asserted Low as soon as the current bus 
master releases control of the bus to indicate the requesting device is bus 
master. 

Normally, the BUS SACK signal is returned to a High level after BBSY be- 
comes Low. If more than one data transfer (bus cycle) is required during 
the period that the device is bus master, the A SACK ENBL input can be 
connected to a level which remains High until just before the last bus cycle 
of the burst transfer is started. This level will prevent the processor from 
issuing a bus grant requesting device until the data transfers have been 
completed. This insures that the bus will be given to the highest priority 
requesting device at the end of the burst. 

A bus request (BR) is issued by the B Master Control in a similar manner 
as the NPR. The BUS B BR output of the B Master Control connects to the 
assigned bus request priority line, BR4 through BR7. After the A Master 
Control issues a Low to the BUS BBSY line, the vector logic issues a Low 
BUS INTR signal to the bus interrupt line and transmits the vector address. 
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as preset by the jumper leads W2 through W7, to the data bus lines BUS 
DOS through 008. The data from the device which initiated the interrupt 
request is transferred to memory after the BUS BBSY has been issued by 
the processor. 

APPLICATION 

The following diagram shows a typical wiring configuration of the M7821 
module. An interrupt request can be initiated from Device A to the A Master 
Control or by Device B to~the B Master Control. The outputs of both master 
controls can be wired together as shown and connected to the BUS BR4 
line; therefore, an interrupt request from either Device A or B will initiate a 
bus request at the same priority level. The A SACK ENBL input isxonnected 
to ground indicating that only one data transfer will be performed each time 
the device becomes bus fnaster. The bus grant (A BG OUT) connects to the 
bus grant (B BG IN) where both master controls are connected to the same 
priority level of bus requests (BUS BR4). 



GUS SSVN- 
t REQUEST I 



ABrfboT 



,M>tfTE» 



-BUS BBSY 
-Bus SACK 

IvKtM 



BBGOUT 
B MASTER 



=3D 



TYPICAL M7821 APPLICATION , 

All jumpers W2 through W7 are connected on the Vector Control stetion of 
the module. The A MASTER output connects to the VECTOR 2 input of the 
Vector Control circuit. When the A Master Control section of the module 
becomes bus master, the A MASTER output will be low and the resulting 
vector address on lines BUS D02 through BUS DOS will contain an octal 370. 
If the B Master Control is selected, the A MASTER output will be high, pro- 
ducing a vector address of an octal 374. The A MASTER output and the 
B MASTER output connect to the START INTR inputs of the Vector Control 



98 



or gate to initiate tlie interrupt request on the BUS INTR line. When the 
data transfer is complete, the INT DONE output of the Vector Control will 
clear the appropriate master control section previously selected. 

WIRING CONFIGURATION 

During a BR, the vector address is specified by the information on lines 
BUS D02 through BUS DOS. The address format is indicated below: - 



DATA BUS LINES 
D08 D07 D06D05 D04 D03 D02 D01 DOO 



JUMPERS ADDRESS BITS 

W2 D02» 

W3 D03 

W4 D04 

W5 D05 

W6 006 

W7 D07 

W8 008 

•CONTROLLED BY VECTOR 
BIT 2. INPUT 



When a jumper is present between tlf)9 designated lugs W3 through W8 on 
the module, a logic ONE will result and when the jumper is removed, a logic 
ZERO will be present on the corresponding vector address bit. With jumper 
W2 installed, the state of address bit D02 is determined by the logic level 
present on the VECTOR BIT 2 input. 



Jumper W9 is installed during manufacturing and must be removed when 
used with early PDP'11/15 and PDP-11/20 without the KHll option. 



M7821 SIGNALS 

Ininits 

X REQUEST 1 H, 
X REQUEST 2 H 



X BG IN H 



X SACK ENBL L 



(X=: A or B Master Controls) 

Both signals must be asserted High to initiate a 
BR or NPR and remain High until the requesting 
device is through being bus master. Lowering either 
of these lines will cause BBSY to be removed. Pfior 
to a new bus request, one signal must become Low 
before being reasserted. 

Asserted High by the processor in response to a 
request when the requesting device has the highest 
priority. 

Connect to ground (Low) when only one data 
transfer by a device will be performed each time 
the device becomes bus master. When a burst 
mode block transfer is done, this line should be 
held High until just before the last transfer of the 
block. 
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BUS NPR L 

X CLEAR H 

VECTOR BIT 2 H 

X START INT L 

Outputs 

BUS X BR L 

X BG OUT H 
BUS SACK L 

BUS BBSY L 

X MASTER L 

X INT DONE H 

BUS D02— D08L 
BUS INTR L 



With jumper W9 connected, a Low on the BUS NPR 
line from the processor will prevent the B Master 
Control from transferring a bus grant to anothier 
requesting device. Remove this jumper if this sec- 
tion is used for an NPR device. 

A High transition causes the associated master 
control to remove the BUS BBSY signal and ter- 
minate bus mastership. 

A High input specifies an octal 4 in the least sig- 
nificant digit of the vector address. A Low specifies 
an octal 0. 

A Low transition initiates an interrupt by loading 
the vector address onto the UNIBUS and producing 
a (Low) BUS INTR signal. 



Asserted Low when X REQUEST 1 and X REQWEST 
2 are asserted to indicate that a device has initi- 
ated a BR or NPR. Connect to desired UNIBUS BR 
or NPR line. 

Asserted High to transmit the bus grant to the 
next device on the same priority level. 

Asserted Low to acknowledge to the processor that 
the requesting device has received the grant signal 
and is prepared to become the bus master when 
the current master releases the BUS BBSY signal. 

Asserted Low to indicate that the requesting de- 
vice is bus master. ^ 

Asserted Low when the associated master control 
has become bus master. 

Asserted High at the completion of the interrupt 
(when BUS SSYN is received). 

Specifies the vector address to the UNIBUS. 

Asserted Low by the requesting device after it has 
become bus master to notify the processor that 
the data lines contain a vectoc address. 
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DECkitll-D 

This kit is designed specifically for the PDP-11 owner who requires high I/O 
data transfer rates. Full 16-bit data words can be transferred between the 
PDP-11 memory and an external device at UNIBUS speeds. See Figure 
The DECkitll-D interface kit is physically and electronically compatible with 
all PDP-11 Family computers. 

Parallel digital data is cabled directly to and from the interface kit; no ad- 
ditional logic or hardware is required to handle TTL-compatible data. External 
devices, such as lab instruments, mass storage units, displays, pre-pro- 
cessors, and other CPUs can communicate conveniently with the PDP-11 
memory. 

The prewired backplane includes five unused module slots that can be used 
for custom logic such as level shifters and counters. Even modules for 
simple processing logic can be utilized in these unused slots. Figure 2 is 
a module utilization diagram of a DECkitll-D. 

DECkitll-D is valuable to the OEM and the end-user. The predesigned inter- 
face concept frees the system designer from the complex problems usually 
associated with UNIBUS interfacing and the end-user has available the flex-' 
ibitity and speed of the UNIBUS for data transfers. 
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SPECIFICATIONS 

Transfer Types: 



J)ata input to 
PDP-11 nfiemory: 



Data output from 
PDP-11 memory: 



Control and Status: 



Interrupts: 



Register assignments: 



i/0 connisction: 
Power: 



Direct Memory Access (DMA) via NPR programmed 
control 



16-bit word 
Parallel 

TTL-compatible 

Up to 100 ft I/O cable 

Up to 14 million words/second* 

16- bit word 
Parallel 

TTL-compatible, high-drive capability 

Up to 100 ft i/0 cable 

Up to 2/5 million words/second* 

16-bit Control and Status Register (CSR) 
Handshaking control signals — 

Data Available Out 

Data Available in 

Data Accepted Out 

Data Accepted In 

Last Transfer 

External Overflow 
Status signals — Function/Out Status/ In 

Word count overflow 
Nonexistent memory 
External overflow 
Input demand 

Interrupt enable/disable — CSR bit 06 



/ 



Set by Priority Interrupt 
Plug; shipped at level 5. 



Word Count Register (WCR) 76xxx0** 
Bus Address Register (BAR) 76xxx2** 
Control and Status Register (CSR) 76xxx4** 
Data Buffer Register (DBR) 76xxx6** 

Several stranded cables available (BC08R, BC08S) 

-I-5V, ±5% @ 3 A; normally available from system 
power supplies 



Size: One system unit 

Weight: 4V^ pounds (approximately) 

* Depending on memory and other options chosen. 
** User-selectable addresses. 
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8SYN 
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INTERRUPT 
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CONTROL 
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LAST TRANSFER 



DATA AVAILABLE OUT 



DATA ACCEPTED IN 



DATA AVAILABLE IN 



DATA ACCEPTED OUT 



* A17 and A16 are not used for data transfers. This implies 
tliat only the first 32K of a PDP-11 memory- may be addressed. 



Figur9 1 DECkitll-D Block Diagram 
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Figure 2 . DECkitll-D Module Utilization Diagram (Pin Side) 
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If mounting space is available in the existing PDP-11 processor mounting box, 
the DECkit can be installed there and jumpered to the existing panels by a 
UNIBUS Connector Module, M920. Power is supplied from the processor 
power supply, or from an additional H720 C or D Power Supply. 

If the Interface Kit is installed in a separate mounting rack, the UNIBUS is 
extended to that rack with a BCllA cable. This cable is available in various 
standard lengths from 2 ft to 35 ft. 

Input/Output Cables 

Type Connectors 

BC08R-XX1 H856 to H8562 

/ BC042-XXI H856 to open-ended2 

BC07A-XX1 H856 to open-ended^ 

BC07D-XXI H856 to open-ended^ 

Notes: 1. XX is length in feet 

2. H856 is a female connector ^ 




DECkitll-D 
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INTEGRATED CIRCUITS (ICs) 

Two, 956 and 957, special ICs are available from Digital Equipment Corpora- 
tion. 

DEC8640 Unibus Receiver IC (Quad 2-lnput NOR Gates) — 956 

The 956 is a package of ten 14-pin, dual-in-line pacl<age (DIP) DEC8640* 
integrated circuits (ICs). Each IC comprises four 2-input NOR gates. Each 
gate performs the Boolean function X = A + B. The DEC8640 gates are 
especially suitable as Unibus receivers because of their high impedance 
characteristics and, hence, minimal loading on the bus. 

These NOR gates are described in detail in the HARDWARE/ACCESSORIES 
CATALOG published by Digital Equipment Corporation. 

DEC8881-1 Unibus Driver IC (Quad 2-lnput NAND Gates)— 957 

The 957 is a package often 14-pin, dual-in-line package (DIP) DEC8881-1 
integrated circuits (ICs). Each IC comprises four 2-input NAND gates. Each 
gate performs the Boolean function X = AB. The DEC8881-1 ICs are espe- 
cially suitable as Unibus drivers because of their capability to sink 70 mA 
with a collector voltage of less than 0.8 V. 

These NAND gates are described in detail in the HARDWARE/ACCESSORIES 
CATALOG published by Digital Equipment Corporation. 

*DEC8640 IC replaces DEC380 IC. 
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PDP-11 
UNIBUS 



M SERIES 



Length: Extended 
Height: Quad 

Width: Single > 
DESCRIPTION 

The M7800 is a highly-versatile single asynchronous serial line interface 
module. It formats and controls the transfer of data between the paraHel 
PDP-11 UNIBUS and serial external devices. The module can be configured to 
interface with either 20 mA current loop devices (e.g., models LT33 and LT35 
Teletypewriter, LA36 DECWRITER, display terminals) or EIA RS-232-C devices 
(e.g., EIA terminals or modems). The interface operates in either full or half 
duplex mode and performs serial-to-parallel and parallel-to-serial conversion 
of the transmitted data. When receiving data, the interface converts an asyn- 
chronous serial character from an external device into the parallel character 
required for transfer to the UNIBUS. This parallel character can then be 
gated through the bus to memory, a processor register, or some other device. 
When transmitting data, a parallel character from the bus is converted to a 
serial line for transmission to the external device. The fWo data transfer 
units (receiver and transmitter) are independent and capable of simultaneous 
two-way communication. The receiver and transmitter each operate through 
a control and status register for command and monitoring functions, and a 
data buffer register for storing data prior to transfer to the bus or the external 
device. 

The module is directly compatible with the PDP-11 UNIBUS and is designed 
for installation into any one of the available Small Peripheral Controller 
slots of the BBll-M, DDll-A or DDll-B Interfacing Unit and the PDP-11 
processor unit. It represents one unit load on the UNIBUS. 

Configuration of the M7800 for a specific device involves selection of an 
appropriate crystal, addition of an appropriate cable, and making certain 
jumper selections on the module. A 40-pin BERG connector is mounted on 
the edge of the module for connection to the external device. Data rates of 
36.7 Baud to 9600 Baud can be handled, and jumper changes can provide 
for 5, 6, 7, or 8 data bits, even, odd, or no parity, and 1, 1.5, or 2 stop bits. 
A full description of module configuration is given in DLll Asynchronous Line 
Interface User's Manual, Document EK-OLll-OP-001, available from your local 
sales office. 

FUNCTION 

The serial-to-parallei and parallel-to-serial conversion of the device data is 
performed by a Universal Asynchronous Receiver Transmitter (UART). The 
UART is a 40-pin dual-in-line package and includes the circuits to double 
buffer the characters in and out, select the character length and stop code 
configuration, and indicate status information pertaining to each character. 

Recehfer 

The receiver section performs serial-to-parallel conversion of the 8-level 
codes. Each character appears right justified in the Receiver Data Buffer 
Register (RBUF), stripped of start, stop, and parity bits. 



M7800 
SINGLE ASYNCHRONOUS 
SERIAL LINE INTERFACES 
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A complete character is formed in the UART and is transferred to the Re- 
ceiver Data Buffer Register (RBUF) at the time the center of the first stop 
bit is sampled. At that time, the Receiver Done Bit (Bit 7) is set in the 
Receiver Status Register (RCSR). If the Receiver Interrupt Enable Bit (Bit 6) 
is also set in RCSR, an interrupt request is generated. The BR level is set by 
jumper plug. BR4 is standard. 

The program then reads the RBUF. The character appears right justified in 
bits 7-0 of RBUF, stripped of start, stop, and parity. The program has a full 
character time to remove the completed xharaqter from RBUF before the 
next character. 

Transmitter 

The transmitter section performs parallel to serial conversion of data sup- 
plied to it from the UNIBUS. The character length and stop code are the same 
as for the receiver section. The transmitter section is also fully double 
buffered. Any time the Transmitter Ready Bit (bit 7) is set in the Transmitter 
Status Register (XCSR), the program may load the low-order eight bits of the 
Transmitted Data Buffer Register (XBUF) with a right justified data character. 
The Transmitter Ready Bit will be set any time the XBUF is available, whether 
or not a character is currently being transmitted. This is a result of the 
double buffering. If a character is not currently being transmitted and XBUF 
is empty, the program may provide two characters in succession (within less 
than one character time) to the transmitter. 

As the first character is loaded, it is immediately transferred to the serializer 
register internal to the UART, and the Transmitter Ready Bit (bit 7) in XCSR 
is set again. If the Transmitter Interrupt Enable Bit (bit 6) is set in XCSR, an 
interrupt request will be generated any time the Transmitter Ready Bit (bit 
7) is set. The BR level for the transmitter is the same as for the receiver. 

The transmitter supplies the start bit and the proper ^Mmber of stop bits. 

Some Typical Applications 

Figure 1 Is a block diagram an M7800 module configured to interface with 
a Teletype, while Figure 2 shows the module working with an EIA cbmniuni- 
cations modem such as the Bell Model 103 or 202. 
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Figure 1 Block Diagram of l\/I7800 
Configured for 20 mA Current Loop Device 
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Figure 2 Block Diagram of M7800 
Configured for EIA RS-232-C Device 



Data Rates 

The M 7800 can operate over a wide range of standard data rates. The gen- 
eral range is determined by the crystal, which must be specified at the time 
of order. The specific rate, which can be different for receive and transmit if 
desired, is selected by the user via two rotary switches on the module. Table 
1 lists the Baud rates available with the various crystals and switch settings. 



Table .1 Baud Rates with Standard Crystals 



Switch 
Position 


Crystal #1 
(844.8 kHz) 


Crystal #2 
(1.03296 MHz) 


Crystal #3 
(1.152 MHz) 


Crystal #4 
(4.608 MHz) 




18-10245-01 


18-05501-06 


18-05501-05 


18-05501-07 


1 

2 
3 
4 
5 
6 
7 
8 
9* 
10* 


36.7 
55 
110 
220 
440 
880 
1320 
1760 


44.8 
67.3 
134.5 
269 
538 
1076 
1614 
2152 


50 

75 
150 
300 
600 
1200 
1800 
2400 


200 

300 
600 
1200 
2400 
4800 
7200 
9600 











*These switch positions are for external clock inputs and do not tap off the crystal oscil- 
lator. 

NOTE: The baud rates In italics are the most commonly used. 



PROGRAMMING 

The interface between a program running in the PDP-11 processor and the 
M7800 is via four device registers: Receiver Status Register (RCSR); Receiver 
Data Buffer Register (RBUF); Transmitter Status Register (XCSR); and Trans- 
mitter Data Buffer Register (XBUF). Each register is assigned an 18-bit mem- 
ory address, and may be read from or written into using any processor in- 
struction which references these addresses, with a few exceptions. 

Detailed information on programming is contained in the DLll Asynchronous 
Line Interface Users Manual, EK-DLll-OP-001, and in the Paper-Tape Soft- 
ware Programming Handbook, DEC-ll-XPTSA-A-D. 
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Operating Mode: 
Data Format: 



GENERAL SPECIFICATIONS 

Mechanical: Consists of one quad module, extended length, single 

width. 

Full or half duplex under program control. 

Asynchronous, serial by bit. One start bit. One, 1.5, or 
two stop bits selectable by user. Even, odd, or no 
parity, 

A one (1) presented by the program to any bit in the 
Transmitted Data Register will cause a Marking (logi- 
cal 1) condition to appear on the Transmitted Data 
lead during the corresponding bit interval. A zero (0) 
presented by the program wilJ cause a Spacing (logi- 
cal 0) condition to appear. A Marking condition on 
the Received Data lead during any data bit sampling 
interval will be presented to the program as a one (1) 
in the Received Datar Register, and a Spacing condi- 
tion will be presented as a zero <0). 

Low order bit first. 

The M7800 receiver will operate properly in the pres- 
ence of 40% space-to-mark or mark-to-space distor- 
tion between any two received data bits, and up to 
± 4.5%, long-terni speed distortion, provided the 
data format contains at least one and one-half stop 
units. If the data format contains only one stop unit, 
the speed tolerance is ± 4%. The M7800 transmitter 
operates with less than 3% bit-to-bit or long-term dis- 
tortion. 

One M7800 presents one unit load to the PDP-11 
UNIBUS. 

M7800 provides a 20 mA< active current loop for both 
send and receive leads for connection to local tele- 
printers such as the DIGITAL LA30-C and Teletype 
Models 33 and 35, and displays such as DIGITAL VT05 
Terminal. It, by alternate selection of jumpers, pro- 
vides a voltage level interface whose signal levels con- 
form to Electronic Industries Association Standard 
RS-232-C and CCITT Recommendation V.24. 

The M7800 requires 1.8 amps of -f 5v., .05 amps of 
+ 15v., and .15 amps of — 15v. 



Order of Bit 
Transmission: 

Distortion: 



Bus Loading: 

Electrical 
Interface: 



Power 

Requirements: 



112 



M7860 

1-WORD INPUT/OUTPUT DEVICE 
INTERFACE 



Length: Extended 
Height: Quad 
Width: Single 

DESCRIPTION 

The M7860 is a general-purpose interface between the PDP-11 UNIBUS and 
a user's peripheral. The M 7860 provides the logic and buffer regiister neces- 
sary for program-controlled parallel transfers of 16-bit data between a PDP-11 
System and an external device as shown on Figure 1, 

It is directly compatible with the PDP-11 UNIBUS and is designed for instal- 
lation into any one of the available Small Peripheral Controller slots (SPC) 
of a DDll-A, DDll-B or DDll-D System Interfacing Unit and the PDP-11 
processor unit. 

Ail data and control signals between the M7860 interface and device are TTL 
compatible. 

The interface also includes status and control bits that may be controlled by 
either the program or the external device for command, monitoring, and 
interrupt functions. 

The M7860 interface module consists of three functional sections: address 
selection logic, interrupt control logic, and device interface logic. 

The address selection logic determines if the interface has been selected for 
use, which register is to be used, if a word or byte operation is to be per- 
formed, and what type of transfer (input or output) is to be performed. 

The interrupt control logic permits the interface to gain bus control and per- 
form interrupts to specific vector addresses. The interrupt enable bits are 
under program control; the interrupt bits ^ are under control of the user's 
device. 

The M7860 interface logic consists of three registers: control and status, 
input buffer, and output buffer. Operation is initialized under program control 
by addressing the M7860 to specify the register and the type of operation 
to be performed. 

The M7860 is designed for user applications and requires a minimum of 
external hardware to implement into the PDP-11 system. Two 40-pin con- 
nectors are conveniently mounted near the edge of the board. These con- 
nectors permit the external device to be easily connected using BC08R or 
BC04Z flat cables available from DIGITAL. These cables have the mating 
connectors premounted and are supplied in any specified length. 

The interface module occupies one SPC slot and is a quad-height, extended 
length, single-width mpdule. 



UNIBUS 



M SERIES 



( 
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Figure 1 M7860 Interface 



FUNCTION 

If an output operation is specified, information from the UNIBUS is stored 
in a 16-bit register. Once this register has been loaded under program con- 
trol (e.g., MOV RO, OUTBiJF), the outputs are available to the device until 
the register is loaded with new data from the bus. The register can also be 
read onto the bus. Upon transfer of data to the buffer register, a NEW DATA 
READY control signal is supplied to indicate to the user's device that data 
has been loaded by means of a DATO or DATOB bus cycle and is read by 
means of a DATI or DATIP bus cycle. 

When an ihput operation is specified, the M7860 provides 16 lines of input 
to UNIBUS transmitters. This permits data from the user's device to be read 
onto the bus. A control signal, DATA TRANSMITTED, informs the device that 
the input lines have been read. The input lines, which are not buffered, can 
be read by a DATI bus cycle (e.g., MOV INBUF, RO). 

The control and status register provides six bits that can be used to control 
and monitor user functions. Two of these bits are interrupt enable (INT ENB) 
bits under control of the program. Two bits (REQ A and B) are under direct 
control of the user's device and can only be read by the program. These bits 
can be used either to initiate interrupt requests or to provide flags that can 
be monitored by the program. The remaining two bits (CSRO and CSRl) are 
read/write bits that can be controlled by the program to provide command 
or monitoring functions. In the maintenance mode, they are also used to 
check operation of the interface. 

An optional maintenance cable, BC08R-1, permits checking of the M7860 
logic by loading the input buffer from the output buffer rather than from the 
user's device. Thiis, a word from the bus is loaded into the output register 
and the same word appears when reading the input buffer, provided the in- 
terface is functioning properly. 

The M7860 can also be used as an interprocessor buffer (iPB) to allow two 
PDP-11 processors to transfer data between each other. In this case, one 
M7860 connected to each, processor bus and the two M7860s are cabled 
together, thereby permitting the two processors to communicate. 
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Output Buffer Register (DROUTBUF) — address selectable by user 



DHOUTBUF 
707772 



OUTPUT DATA aUFFEIt 



The output buffer is a 16-bit read/writff register that may be read or loaded 
from the UNIBUS. Information from the bus is loaded into this register under 
program control. At the time of loading, a pulsed signal (NEW DATA READY) 
is generated to inform the user's device trot the register has been loaded. 
The trailing edge of the positive pulse should be used to allow the data to be 
loaded and settle on the user's input lines. Data from the buffer is transmitted 
to the user's device on the data OUT lines by means of a DATO or DATOB 
^us cycle. ^ * 

The contents of the output buffer register may be read at any time by means 
of a DATI or DATIP bus cycle. During the read operation, the output of the 
buffer is fed directly to the bus data lines. 

Whenever the maintenance cable is used, the data from the output buffer 
is also applied to the input buffer register. This permits checking operation 
of the interface logic. The DROUTBUF is cleared by INIT. 

input Buffer Register (DRINBUF)— address selectable by user 



767774 



INPUT OAUtUFHR 



The input buffer is a 16-bit read-only register that receives data from the 
user's device for transmission to the UNIBUS. Information to be read is 
provided by the user's device on the data IN signal lines. Because the input 
buffer consists of gating logic rather than a flip-flop register, the data IN 
lines must be held until read onto the bus. The register is read by a DATI 
sequence and the data is transmitted on the UNIBUS, for transfer to the 
processor or some other device. When the input tines are read during a 
DATI sequence, a pulsed signal (DATA TRANSMITTED) is sent to the user's 
device to inform it that the transfer has been completed. The trailing edge 
of the positive-going pulse indicates that this transfer is completed. 

Whenever the maintenance cable is -used, the input buffer register receives 
data from the output buffer register rather than from the user's device. Ttiis 
permits checking of the interface logic by loading a word from the bus into 
the output register and verifying that the same word appears in the input 
buffer. 

Control and Status Register (DRCSR) — address selectable by user 
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The control and status register is used to enable interrupt logic and to pro- 
vide user-defined command and status functions for the external device. 



Two REQUEST bits, which are under device control, may be used to provide 
device status indications, or may be used to initiate interrupts when used 
with associated INT ENB (interrupt enable) bits which are under program 
control. Two other bits (CSRO and CSRl) are controlled from the UNIBUS 
and serve as command bits. 

Although the REQUEST and CSR bits can be used for any function the user 
desires, standard PDP-11 interface conventions attempt to allocate bit 15 
for error conditions and bit 7 for ready indications and both of these bits can 
generate interrupt requests. In addition, bit 0 is normally used for start or 
go commands. 

INTERFACE SIGNALS 

UNIBUS SIGNALS — The input and output data control, and status signals con- 
form to the UNIBUS signal specifications outlined in the PDP-11 Peripherals 
Handbook published by Digital Equipment Corporation. The M7860 .module 
presents no more than one unit load on any UNIBUS signal line. 

DEVICE SIGNALS — Data and control signals are transferred between the de- 
vices and interface by two cables that attach to connectors Jl and J2> The 
location of the connectors on the module is shown on Figure 2. Table 1 lists 
the pin assignments of each connector and the signal drive or loading capa- 
BiTity. 



M7860 



J2 J» 



§9 






Figure 2 Connector Locations 
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Table 1 

Input and Output Signals 





Inputs 






Outputs 




Signal 


Connector 


Pin* 


Signal 


Connector 


Pin 


INOO 




TT 


OUTGO 




C 


INOl 




LL 


OUTOl 




K 


IN02 




H 


OUT02 




NN 


IN03 




BB 


OUT03 . 




U 


IN04 




KK 


, OUT04 




L 


IN05 




HH 


OUT05 




N 


IN06 




EE 


0UTG6 




R 


IN07 


J2 


CC 


OUT07 




T 


IN08 


Z 


OUT08 


Jl 


W 


IN09 




Y 


OUT09 




X 


IN^O 




W 


OUTIO 




Z 


INll 






OUTll 




AA 


IN12 




u 


0UT12 




SB 


IN13 — 




p 


CUTIS 




FF 


IN14 




N 


0UT14 




HH 


IN15 




M 


0UT15 




JJ 


REQ A 


Jl 


LL 


NEW DATA DRY** 




W 


REQ B 


J2 


S 


DATA TRANS** 
CSRO 


} 


C 
K 








CSRl 




DD 








IN IT 










IN IT 


J2 


RR, I^N 



*Remaining pins on Jl and J2 are connected to logic GND on M7860. 
**Pulse signals, approximately 400-ns wide. Width can be changed by user. 



CABLE ASSEMBLIES — Several cable assemblies are available from DIGITAL 
for use with the M7860 module. Table 2 lists some of the recommended cable 
types and lengths available. Maximum allowable cable length for the M7860 
is 25 feet. 



Table 2 



Cable No. 


Connectors 


Type 


Standard 
Lengths (ft) 


BC07A-XX 
BC07D-XX 
BC08R-XX 
BC04Z-XX 


H856 to open end 
H856 to open end 
H856 to H856 
H856 to open end 


20-twisted pair 
2, 20 conductor ribbon 
Shielded flat 
Shielded flat 


10. 15, 25 

10, 15, 25 

1, 6. 10, 12, 20. 25 

6,10,15,25 
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GENERAL SPECIFICATIONS 
Device Data 
Input/output levels: 
(user interfece) 

Data Inputs: 



Data Outputs: 



UNIBUS Interface 
Interrupt vector addresses: 



Priority level: 
Bus loading: 



logic 1 = 4-3 V 
logic 0= OV 

16-bit word from the external device 

One standard TTL unit load; diode protection 

clamps to ground and +5V 

16-bit word from the UNIBUS. Eimr a full 
word or an 8- bit byte (either high or low) 
may be loaded from the bus/ 
NEW DATA READY— jKirlves 30 units, positive 
pulse, 400-ns wide unless width changed by 
an external capacitor. 

DATA TRANSMITTED— drives 30 unit loads, 
positive pulse, 400-ns wide unless width, 
changed by an external capacitor. 
IN IT (initialize) — common signal on both con- 
nectors driven by one 30 unit load driver. 

floating, 2 needed for each M7860, selectable 
by user 

BR5 (may be changed) 
1 bus load 



Mechanical 

Mounting: 
Size: 

Input Current: 



1 SPG slot 
quad module 

1.5A at -f 5V 
(no current need^ at —15V) 

The M7860 is also available Avith the B(X)8R-1 maintenance cable and appli- 
cable documentation as the DRll-C. 
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TRADITIONAL MODULES 



The modules described briefly in this section have been, for the most part, 
superseded by other products in this Handbook. They are presented here 
for reference purposes; detailed descriptions are contained in earlier editions 
of the Logic Handbook. Wherever possible, DIGITAL stocks and supports 
these older modules but, because of parts availability problems caused by 
state-of-the-art changes, some items may no longer be in production. Before 
ordering any of these modules, always check with the Logic Products Sales 
ordering any of these modules, always check with Logic Products Sales Sup- 
port at DIGITAL Equipment Corporation, MK1-2/E13, Merrimack, NH 03054. 



POSITIVE BUS 

MlOl Bus Data Interface 

The MlOl contains fifteen, two-input TTL NAND gates with input ground 
clamps arranged for convenient data strobing from the PDP8/I or PDP8/L 
positive bus. 

M103 Device Selector 

The M103 is used to decode the six device bits transmitted in complement 
pairs on the positive bus of the PDP-8/1 and PDP-8/L. 



The M107 is a device selector which, by the use of extended decoding of the 
BMB lines 9 through 11,. will provide seven discrete lOT pulses. 

M108 Flag Module 

The M108 contains three general-purpose clocked flip-flops for use in flag 
applications in I/O interfaces, etc. Gating is provided so that the flags can be 
individually set or gated to the program interrupt inputs of a positive-bus 
PDP-8 computer, 

M623 Bus Driver 

The M623 contains 12 two-input AND gate bus drivers for convenient driving 
of the positive input bus of either the PDP-8/1 or PDP-8/ L. The output con- 
sists of an open collector NPN transistor. 

M624 Bus Driver 

The M624 contains 15 bus drivers intended for convenient driving of the posi- 
tive input bus of either the PDP-8/ i or PDP-8yL. 

M730 Bus Interface 

The M730 interface module provides extremely flexible interface control logic 
to connect devices, systems, and instruments t^ the output half of the pro- 
grammed I/O transfer bus of either a PDP8/I or a PDP8/L positive bus com- 
puter. 

M732 Bus Interface 

The M732 interface module provides extremely flexible interface control 
logic to connect devices, systems, and instruments to the input half of the 
programmed I/O transfer bus of either a positive bus PDP8/I or PDP8/L 
computer. 



PDP-8 Non OMNIBUS 
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M734 I/O Bus input Multiplexer 

The M734 is a three-word multiplexer used for strobing 12-bit words .on a 
positive voltage input- bus, usually the input of the PDP-8/1 or the PDP-8/L 
Device selector gating is provided. The data outputs of the M734 Multiplexer 
consist of open collector NPN transistors which allow these outputs to be 
directly connected to the bus. 

M735 I/O Bus Transfer Register 

The M735 provides one 12-bit input bus driver and one 12-bit output buffer 
register for input and output data transfers on the positive I/O bus of either 
a PDP8/I or a PDPB/L. Device selector gating plus additional signal lines pro- 
vide the flexibility necessary for a complete interface with the exception of 
flag sense signals. Use of the M735 is not restricted to a computer, as it can 
be used in many systems to provide reception and transmission of data over 
cables. 

M736 Priority Interrupt Module 

The IV1736 is used in conjunction with the PDPB/I or 8/L to provide the 
capability of assigning priorities to various I/O devices connected to the I/O 
bus of the computer. The M736 can be used to assign priorities for one thru 
four external devices. 

M737 12- Bit Bus Receiver Interface 

The M737 was designed primarily to receive and store in a buffer register 
twelve parallel data bits from the positive bus of the PDP-8/1 or PDP-8/L 

M738 Counter/ Buffer Interface 

The M738 provides a 12-bit binary up-counter that can be read to the posi- 
tive external I/O bus of a PDP-8/1 or PDP-8/L. The counter can. be cleared 
or present to a starting value by a jam transfer from an external device. When 
a count enable flag is set, the counter operates as an up-counter in response 
to external clock pulses. The content of the counter can be strobed to the 
I/O bus through data gates under program control. 

M907 Diode Clamp Connector , _ 

The M907 is used to provide proper undershoot ground clarrips for devices 
receiving PDP-8/1 and PDP-8/L positive . I/O bus signals that are not so 
protected. 

NEGATIVE BUS 

M051 Posltive-to-Negatlve Logic Level Converter 

The M051 contains twelve level converters that can be used to shift M and 
K Series logic levels to negative logic levels of ground and —3 volts. 

MlOO Bus Data Interface 

The MlOO Bus Data interface contains fifteen circuits for convenient recep- 
tion of data from the PDP-8, PDP-8/1 negative voltage bus. It is pin compati- 
ble with the IVIlOl Positive Bus Data Interface. 

M102.Device Selector 

The M102 is used to decode the six device address bits transmitted in com- 
plernentary pairs on the negative BMB bus of the PDP-8, PDP-8/1. The out- 
puts of the M102 are compatible vyith M Series TTL logic. The M 102 is pin 
compatible with the M103 Positive bus device selector with the exception of 
the address inputs. 
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M5p2 High-Speed Negative input Converter^ ( 

Tlie) M502 contains two non-inverting higli-speed signal converters which in- 
terface standard negative (—3 volts and ground) logic levels or pulses with 
M and K Series positive logic modules. 

14506 Medium-Speed Negative input Converter 

The M506 contains six noninverting signal converters which can be used to 
interface the negative logic levels or pulses of duration greater than 100 ns 
to M and K Series positive logic levels of -|-3 volts and ground. 

M632 Positive in/Negative Out Bus Driver 

The M632 contains eight two-input AND gate bus drivers for convenient 
driving of the negative bus of the PDP-8/i or PDP-8/L. 

M633 Negative Bus Driver 

The M633 contains 12 bus drivers intended for convenient driving of the 
negative bus of the PDP-8, POP'S/ 1. Each driver consists of an open collector 
PNP transistor, it is pin-compatible with the M623 positive voltage bus 
driver. , ^ •* 

M650 Negative Output Converter ^ 

The M650 contains three noninverting signal converters which can be used 
to interface the positive logic levels or pulses (of duration greater ,than 
100 ns) of K and M Series to digital negative logic levels of —3 volts and 
ground. . 

IWI652 Negative Output Converter 

The M652 contains two noninverting high-speed signal converters which can 
be used to interface the positive logic levels or pulses of the K and M Series 
to digital negative logic levels of —3 volts and ground. 

PDP-11 MODULES 
M1621 DVM Data Input Interface 

The MI621 is a PDP-11 interface module containing all the bus drivers and 
control logic needed to input TTL-level information from several types of 
digital voltmeters and multimeters. All inputs from the instruments enter a 
40-pin cable connector mounted on the module. 

M1623 Instrument Remote Control Interface^ 

The Ml 623 is a PDP-11 interface module containing the bus receivers and 
control logic needed to remotely program several types of digital voltmeters 
and programmable power supplies. All outputs to the instrument are through, 
a 40-pin cable connector mounted on the module. 



PDP-15 MODULES 
M500 Negative In/Positive Out Receiver 

The M500 module is used to convert negative input signals to positive 
output signals. Each card contains eight converters and is pin compatible 
with the PDP-15 positive receiver card (M510). 

M510 I/O Bus Receiver 

The M510 is a positive input/output receiver card for use with the PDP-15. 
It contains 8 high-impedance Input circuits of at least 27K ohms and input 
switching thresholds of about -fl.S V. 
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M622 8-Bit Positive I/O Bus Driver 

The M622 contains 8 two-input AND gate bus drivers for convenient driving 
of the positive input bus of the PDP-15. The output consists of an open 
collector NPN transistor. 

DECkits 

DECkitll-H 

The DECkitll-H, when fully configured, is capable of reading four 16-bit words 
from a peripheral device into a PDP-11. It is also capable of writing four 16- 
bit words, or eight 8-bit bytes, from a PDP-11 to a penpheral device. Each 
input word is supplied with an interrupt capability to signal the processor 
that the word should be read. 
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MICROCOMPUTER INTERFACING MODULES IHHi 
LSI- 11 SERIES COMPUTERS^ ^^^H 
INTERFACING SELECTOR GUIDE 
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This section describes the general characteristics of the LSMl Microcom- 
puter — the newest in the popular DIGITAL PDP-11 computer family. Addi- 
tional literature providing detailed information is available from your nearest 
DIGITAL sales office. 

LSI technology enables DIGITAL to put an N-channel MOS central processor, 
4096 (4K):word random-access memory (RAM), vectored automatic Interrupt 
logic, real-time clocR input, and auto program start up logic, on one 8.5-by- 
10-inch printed-circuit board. On one board you get a versatile microcom- 
puter — central processor, memory, and input/ output bus port — micro in size 
and price, but mini in computing performance. 

Features: 

• A large, flexible instruction repertoire, including the 400-plus instructions 
of the basic PDP-H/40. 

• A simplified, application-oriented bus structure for maximum ease in han- 
dling I/O and memory operations. 

• Software and hardware training classes. 

• Complete documentation, including user's programming, and maintenance 
manuals. Microcomputer handbook, product and option bulletins, configura- 
tion and installation guides. 

• Off-the-shelf, plug-in interfaces. \ 

• Off-the-shelf, plug-in core, RAM, and/or PROM/ ROM expansion memories. 

• Resident firmware debugging techniques and ASCII console routines. 

• Operating system development on standard PDP-11/35, 11/40 or LSI-ll. 

• The unmatched resources of the DECU.S user's library for PDP-11 applica- 
tion programs. 

These tools give you complete flexibility in developing hardware and soft- 
ware. You can use the LSI-ll in its final, dedicated environment to optimize 
your system design under actual operating conditions or take advantage of 
the power, flexibility, and high-level programming languages available with 
lai^e PDP-11/40 computers to reduce the time to develop your operating 
system. 

PROCESSORS 

Microcomputer module KDll-F 

The i6-bit central processor functions are contained in four silicon gate N- 
channel metal oxide semiconductor (MOS), large-scale integration (LSI), in- 
tegrated circuit chips. These chips provide all instructions, decoding, bus 
control, and arithmetic/ logic unit functions of the processor. The central 
processor contains eight general registers which can serve as accumulators, 
index registers, autoincrement/autodecrement registers, or stack pointers. 

4096-by-16 read/write MOS semiconductor memory is contained on the 
microcomputer module. This memory is composed of LSI dynamic random- 
access memory (RAM) chips that require little operating power, provide fast 
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access time, and are refreshed automatically by the processor's microcode, 
which is transparent to the user. A memory register on the KDll-F module 
-addresses all onboard memory plus LSi-11 bus-compatible expansion mem- 
ory up to 32K words or 64K bytes. 

Multiplexed parallel I/O bus port -DMA operation. The LSI-11 bus is a high- 
speed, 38-line parallel bus containing data, address, control and synchroniza- 
tion lines. Sixteen lines are used for time multiplexing of data and addresses. 
All data and control lines are bidirectional, asynchronous, open-collector 
lines capable of providing a maximum parallel data transfer rate of 833K 
words per second under direct memory access operation. 

Powerful PDP-11/40 basic instruction set. More than 400 powerful instruc- 
tions rihake up the LSI-11 's extensive basic instruction set. There are no 
separate memory, I/O or accumulator instructions. Thus the user can mani- 
pulate data in peripheral device registers as flexibly as in memory registers. 

The basic operation code uses both single- and double-operand instructions, 
for words or bytes, making it possible to perform such operations as adding, 
subtracting, or moving two operands in one step. This can reduce the num- 
ber of instructions needed for many routines by as much as two-thirds. Much 
of the LSI-ll's operating flexibility and processing power are derived from 
its wide variety of addressing techniques. Addressing can be direct, indirect, 
autoincrement, autodecrement, byte or word, indexing and stack-addressing. 
This flexibility means the LSI-11 can deal with data in the most efficient man- 
ner. The general registers can be used interchangeably as stack pointers, ac- 
cumulators, and index registers. Address modification can be done directly in 
the general registers. 

Extended instruction and floating-point instruction options provide fixed-point 
multiptication, division, and multiple shifting in single-precision arithmetic as 
well as floating-point addition, subtraction, multiplication and division. 

Single-level, vectored, automatic priority interrupt provides for user-implemen- 
tation of a priority-structured I/O interrupt system. Devices electrically closest 
to the microcomputer module receive highest priority, for either DMA or 
programmed I/O transfers. (DMA devices have a higher priority than pro- 
grammed I/O devices). This structure allows nesting of interrupts to as 
many levels as there are devices connected to the LSi-11 bus. Upon receipt 
of an interrupt grant, the device directs the processor to an interrupt vector 
location which contains the starting address of the device interrupt service 
routine and the new processor status word. 

Real-time clock Input signal line functions as an external interrupt line. When 
connected to a frequency source, it can serve as a real-time processor inter- 
rupt. A jumper on the microcomputer module enables or disables this highest 
priority interrupt function. 

Asynchronous operation of all system modules permits each to function at 
its highest possible speed. 

Power fail/ autostart provides jumper-selective restart through a power-up 
vector, a defined location, or an octal debugging technique (ODT) micro- 
code. 

ODT/ASCII console routine/ bootstrap all are resident in microcode to provide 
automatic entry into the debugging mode, replacement of conventional pro- 
grammers' panel lights and switches with any terminal device generating stan- 
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dard ASCII codes, and the ability to automatically commence operation 
through resident bootstrap routines. 

8.5-by-lO inch board contains all of these features, - 

Microcomputer module KDll-J 

Contains all the same features as the KDll-F except that it utilizes a 4K x 
16 core memory. This microcomputer is contained on two 8.5" x 10" boards. 

Microcomputer module KDll-R 

Contains all the same features as the KDll-F except that Random Access 
Memory (RAM) size is increased to 16K. This microcomputer is contained on 
two 8.5" X 10" boards. 

EXPANSION MEMORY MODULES 

4K dynamic random-access memory— MSVll-B is a dual-size (8.5-by-5-inch) 
read/write memory module utilizing dynamic MOS semiconductor memory 
devices. The module capacity is 4096 words of 16 bits, with memory-select 
circuitry for operation on 4K address boundaries. Dynamic memory refresh 
is performed automatically every 1,67 milliseconds by microcode on the 
microcomputer module. 

16K dynamic MOS memoj^y — MSVll-CD is a quad-size (8.5-by-lO-inch) read/ 
write memory module with 16K words of 16 bits each. This module features 
4K dynamic MOS technology, internal refresh, 4K bank memory addresses, 
and 750 nanosecond cycle time with 390 nanosecond access time. There 
are no special power requirements and memory Contents can be protected 
in the event of a power loss by user-implemented battery back-up power 
source. 

4K programmable read-only memory — MRVll-AA is a dual-size (8.5-by*-inC;h) 
field programmable, read-only module utilizing either 256 x 4 or 512 x 4 
fusible-link semiconductor devices. The module's maximum capacity is 2048 
or 4096 words 16 bits (depending upon which device is used), and is ex- 
pandable in 256- or 512-word increments. This module is configured with 32j 
sockets for mounting memory IC devices of the user's choice. PROM chips 
can be supplied as an option. A pin-compatible masked ROM chips is avail- 
able for volume applications so that the lowest possible cost can be achieved. 
Board-mounted jumpers enable selection of the module's address. 

4K core memory module — MMVll-A is a quad-size (8.5-by-lO-lnch) core, 
read/write memory module containing 4096 words of 16 bits, with memory 
address selection circuitry for starting operation on any 4K boundary. Core 
memory provides non-volatile read/ write storage for applications requiring 
protection against power losses. 



128 



LSI-11 INTERFACING MODULES 

Table 1 summarizes the interfaces and related modules that are described in 
detail on the following pages or in the DIGITAL Direct Sales Catalog where 
noted. 

Although each interfacing problem is iikel^ to have some unique aspects, the 

steps to follow in general are: 

1. Determine your interfacing requirements. 

2. Match these requirements against the products listed in Table 1, then read 
the detailed descriptions. 

3. Select suitable products if any are listed. If no listed products meet your 
requirements, contact your DIGITAL Field Sales office to find if any other 
DIGITAL products can perform the needed functions. 

4. Add the power* and mounting space requirements of all modules to be 
employed, and note the cables needed plus any prerequisites and restric- 
tions that apply. 

5. From the appropriate sections of this Handbook and the Hardware/ Acces- 
sories Catalog, select the cables, power supplies, and mounting hardware 
to complete your system. 

If you need technical assistance with any product in this Handbook, feel free 
to call DIGITAL'S toll-free Hot Line, 8:30AM to 5:00 PM Eastern time, 800-258- 
1710. From New Hampshire locations or places outside the United States, call 
Merrimack, 603-884-6660. 
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Tabte 1 Interbce Selector GuM«— LSt-11 BUS 


, \ 




DEVICE OR FUNCtToN 


MODULE 

OR 
OPTION 


LOGIC 
H'BOOK 
PAOE> 


POWER 

+5V 
AMPS' 


POWER 
+12V 
AMPS 1 


AC 
BUS 
LOAD 


DC 
BUS 
LOAD 


MODULE 

SIZE 
L H W 


CABLE 
REirO 


COMMENTS 


EIA RS232C serial devices. 
LA35 printer 
LA36 printer tenninal 
LAlSo printer 
LS120 printer tenninal 
' VT52 CRT terminal 
VT5S CRT terminal 


DLVll 




1.6 


.25 


2.48 


1 


EDS 


BCOSC 




20 mA current loop serial devices, e.g.: 

LA3S printer 

LA36 printer terminal 

LAieo printer 

VT50 CRT terminal y 

VT52 CRT terminal ^ 

VT55 CRT terminal 


DLVll 




1.6 


.25 


2.48 


1 


EOS 


BC05M 




Modem 


DLVll-E 




1.0 


.2 


1.65 


1 


EDS 


BCOSC 


Supports EIA signals for 
modem. 


A/D converter, 16-channel 


AOVII-A 




2.0 


.45 


3.2S 


1 


E Q S 


BC04Z 




D/A converter, 4-channel 


AAVll-A 




2.0 


.45 


1.91 


1 


E Q S 


BC04Z 




Power fail/line time clock generator 
Same, with 120-ohm termination 
resistor 


KPVll-A 
KPVII-B 




.56 




1.63 


1 


EDS 


70-08612 


Cable listed is for use with 
consols front panel. 24V 
transformer required. 


Real time clock, crystal controlled 


KWVll-A 




1.75 


.01 


3.41 


1 


E Q S 


BC08R 




1-word parallel input interface 
1-word parallel output interface 
l-woid parallel input/output interface 


DRVll 




.90 




' 2.80 


1 


EDS 


BC07D 


Has separate Input and output 
channels. 


IEEE 488/1975 instrument bus 


IBVll-A 




1.5 




1.77 


1 


EDS 


BNllA-04 
•uppHajd 


Cable BNOlA-04 must be 
ordered for each Instrument 
beyond the first. 


Interface foundation module 


DRVll-P 




1 + 




2.08 


1 


E Q S 


BC04Z, Can accept up to about 50 

BC07D, or user ICs. 

BC08R 


Diract Memory Access (DMA) interface 


DRVll-B 




1.9 




3.30 


1 


E Q 8 


BC04Z 





Tabte 1 IntsrfM* Selector GiMe— LSMl BUS (cont) • 



DEVICE OR FUNCTION 


MODULE 

OR 
OPTION 


LOOIC 
H'BOOK 
PAGE' 


POWER 

-I-5V 
AMPS' 


POWER 
+12V 
AMPS 


AC 
BUS 
LOAD 


DC 
BUS 
LOAD 


MODULE 
L^H W 


CABLE 

REQ'D COMMENTS 


Designar's program control CHIPKIT 


OCKll-AC 




.7*+ 








EDS 


BC07O-10 
supplied 


D«$«gn«r's DMA CHIPKIT 


DCKll-AD 




1.22-f 








EDS 


BC07D-10 CHECK WITH LOGIQ PROD- 
supplied UCTS SALES SUPPORT 
BEFORE OROERINGI 


Wira-wrappabI* modulM: 

Qua'd-hclght, no IC cockati 
Quad-height, 58 16-pin IC sockets 
Doubla-helght, no IC sockets 
Oouble-haicht, 25 16-pin IC 
sockets 


W9511 
W9514 
W9512 
W9$15 




111 1 


1 1 1 1 


MM 




E Q S 
E Q S 
EDS 
EOS 





NOTES: 

■^l. + meen* current required by user logic must be added to figure shown. 

2. Module sizes are given as Len^, Height, and Width, a* dafinad in Qenaral Information. 

3. DSC =: Direct Sales Catalog. 



INTERFACING MODULES 

Serial line unit — DLVll is a universal asynchronous receiver/transmitter 
serial interface module for use between the LSI-11 bus and serial devices. It 

is a dual-size (8.5-by-5-inch) module with the following features: 

• Either optically isolated 20mA current loop or EIA interface. 

• Selectable baud rates: 50, 75, 110, 134.5, 150, 200, 300, 600, 1200, 
1800, 2400, 4800, 9600. 

• Jumper-selectable stop bits and data bits, 

• LSI-11 bus interface and control logic for interrupt processing and vectored 
addressing of interrupt service routines. / 
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• Interrupt priority determined by electrical positron along the LSI-11 bus. 

• Control/ status register (CSRX compatible with PDP-11 software routines. 
CSRs and receiver data buffer registers directly accessed via processor in- 
structions. 

• Plug, signal, and program compatible with PDP-11 DL 11-C. 

Parallel line unit — DRVll is a general-purpose, 16-bit parallel interface be- 
tween the LSI-11 bus and the user's peripheral device. It is a dual-size (8.5- 
by-5-inch) module with the following features: — 

• 16 diode-clamped data input lines. 

• 16 latched output lines. 

• 16-bit word or 8-bit byte data transfers. 

• Complete device address decoding user-assigned. 

• LSI-11 bus interface and control logic for interrupt processing and vectored 
addressing of interrupt service routines. 

• Interrupt priority determined by electrical position along the LSI-11 bus. 

• Control/ status registers (CSR) compatible with PDP-11 software routines. 
CSR and receiver data buffer registers directly accessed via processor in- 
structions. 

• Plug, signal, and program compatible with PDP-11 DRll-C. 

• Foun control lines available to the peripheral device for output data ready, 
output data accepted, input data ready, and input data accepted logic 
operations. 

• Can be used with TTL or DTL logic-compatible devices. 

• Maximum data transfer rate of 90K words per second under program con- 
troL 

• Maximum drive capability of 25 feet of cable. 
DIgital-to-Aanalog Converter— AAVll-A 

The AAVll-A is a four-channel digital-to-analog converter that allows the user 
a wide variety of output voltage ranges that are jumper selectable. Each 12- 
bit D/A converter has its own holding register which can be separately ad- 
dressed and can be written and read in either word or byte format. 



AAVll-A Specifications 
Packaging 

Number of D/A converters 
Dijgital input 

Digital storage 

Output voltage range 

(jumper selected) 
Resolution 
Gain accuracy 

Gain temperature coefficient 
Offset temperature coefficient 



one quad (10%" x 8.5") module 
4 

12 bits (binary encoded for unipolar mode; 
offset binary encoded for bipolar mode) 

read-write, word or byte operable, single 
buffered 

± 2.56V, ± 5.12V, ± 10.24V bipolar, OV 

to -f 5.12V, . 

OVto + 10.24V unipolar 

12 bits (1 part in 4096) 

adjustable (factory set for bipolar ± 5.12V) 

10 ppm per degree C, max. 

20 ppm of full scale degree C, max. 
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Linearity* ±14 LSB max. non-iinearity 

± Yz LSB^monptonic 

Output impedance 1 ohm max. 

Drive capability ± 6 mA max. per converter 

Slewing speed 5V micro sec. 

Power requirements 5V ± 5% @ 1.5A 

12V ± 5% @ 0.4A 

Bus load = 1 

Analog-to-Digital Converter — ^ADVll-A 

The ADVll-A is a 12-bit analog-to-digital converter with built-in multiplexer 
and sample-and-hold that allows the user the availability of 16 channels of 
A/ D single-ended or 8 quasi-differential inputs and will convert an analog 
voltage from ±5. 12V full scale bipolar. 

The ADVll-A features a buffer register that allows data from one conversion 
to be transferred to the processor after a subsequent conversion begins. This 
buffering optimizes the throughput rate of the converter, enabling the 
ADVll-A to run at 25 KHz* throughput to memory. The auto-zeroing tech- 
nique — another feature — uses a patented design that measures the sampled 
signal with respect to the offset of its own internal circuitry and thus effec- 
tively cancels out its own offset error contributions to the measurement. 
There are also three built-in signals for self-testing; they may be connected 
through a wrap-around BERG connector to any channel. The test Signals 
are two d.c. levels, and one bipolar triangular waveform. The bipolar triangular 
wave can be used with diagnostic software to produce a data base for ex- 
tremely thorough and precise analog linearity testing. 

ADVll-A Specifications 

Packaging one quad (10%" x 8.5") module 

Input voltage range ± 5.12V bipolar (full scale) 

Resolution 12 bits (1 part in 4096) 

Number of channels 16 single-ended, or 
8 quasi-differential 

Input impedence 100 megohms minimum 

Input bias current 100 nA, maximum 

Temperature stability gain = 5ppm per degree C 

linearity = 2ppm of full-scale range per degree C 

Throughput 25 KHz* 

Data acquisition time 40 micro sec 

Power consumption -f 5V d.c. ± 5% @ 1.75A 

+ 12V d.c. ± 5% @ 350 mA 

Bus load = 1 ■ , 

^ *Using an LSI-11 system under optimum programming and DMA refresh. 
Real Time Clock— KWVll-A 

The KWVll-A is a programmable real-time clock that offers the. user several 
methods for measuring and counting intervals or events from 1 micro second 
to 650 seconds. It can also be used to synchronize external equipment to the 
processor. The KWVll-A is a 16-bit clock that will operate in one of four 



134 



programmable modes and can be selected to dperate at one of five crystal- 
controlled frequencies. ' 



one quad (10%" x 8.5") module 

single interval.jrepeated interval external 
event timing, external event timing from zero 
base. 

1 MHz, 100 KHz, 10 KHz, 100 Hz frequency 
0.01% 

+ 5V d.c. ± 5% @ 1.75 amps 
+ 12V d.c. ± 5% @ 10 mA 

NOTE 

Detailed descriptions for LSI-11 options for DMA, 
power fail line clock generator, and LSI-11 bus 
foundation module are included at the end of 
this Microcomputer section. 

HARDWARE/ACCESSORIES 
Backplane Options 

Two backplane options are available: the H9270 and the DDVll-B. The 
H9270 is a four-by-four slot LSI-Jl bus-structured backplane/card guide as- 
sembly. It can accept the processor module and up to six options. Power is 
applied to the backplane via a screw-terminal block located on one end of 
the assembly. 

The DDVll-B is an expanded version of the standard LSI-11 backplane (the 
H9270) for use when additional LSI-11 option module space and/or custom 
wire wrap space is required. A nine-by-four slot section of this backplane is 
LSI-11 bus-structured and will accept the processor module, up to 15 option 
modules, and one TEVll bus terminator module. An additional nine-by-two 
slot section of the backplane is provided with power connections (+5 Vdc, 
+12 Vdc, and ground), only; wire wrap pins allow the user to interconnect 
the slots with appropriate signals. 

An optional card cage, type H0341, is available for use with the DDVll-B 
backplane. It provides physical protection to modules and serves as a card 
guide. The card cage completely surrounds the DDVll-B on the module side 
of the backplane. 

Expander Box H909-C 

The H909-C expander box provides a most convenient means for expanding 
the LSI-11 system! Each box includes the card guide and space for the 
DDVll-B and the pdwer supply. 

NOTE 

Detailed descriptions of the above items (DDVll- 
B and H909-C) are contained in the HARD- 
WARE/POWER SUPPLIES section of this Hand- 
book. 

Bus Accessory Options 

Several LSI-11 bus accessory options are available for bus expansion, bus 



KWVll A Specifications 
Packaging 

Programmable modes 

Crystal controlled frequency 
Accuracy 

Power requirements 
Bus load = 1 
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termination, DIV1A refresh, bootstrap ROM, and combinations of the preceding. 
A summary of the options is provided below: 



Module No. 

REVll-A 

REVll-C 

TEV-11 

BCVIA-XX 



BCVIB-XX 



Includes 

M9400-YA Module 

M9400-YC Module 

M9400-YB Module 

Two BC05L-XX 
cables, one 
M9400-YD module, 
and one M9401 
module. 



Two BC05L-XX 
ca1)les, one 
M9400-YE module, 
and one M9401 
module'. 



System Functionis 

120 Q bus terminator, DMA refresh, 
bootstrap ROM. 

DMA refresh, bootstrap ROM. 

120 bus terminator. 

Bus expansion: two expansion cables 
and two backplane connector mod- 
ules (M9400-YP and M9401). Nor- 
mally used for'expansion from 
second to third backplane in 3-back- 
piane systems. (A TEVll or REVll-A 
120 SI terminator must be installed 
in the last device slot in backplane 
3.) . 

Bus expansion: 250 Q terminator 
(M9400-YE), two expansion cables, 
backplane connector (M9401). Nor- 
mally used for expansion from first 
to second backplane in 2 or 3 
backplane systems. 



NOTE 

The -XX in BCVIA-XX and BCVIB-XX options de- 
notes cable lengths. Options are available with 
cable lengths of 2, 4, 6, and 10 ft. For example, ^ • 
"a BCVlA-06 includes two 6-ft cables. When the 
BCVIA and BCVIB options are used in a three 
backplane system their lengths should differ by 
4 ft. so that any transients will occur on the 
cables and not on the backplane. 

The REVll-A and-REVll-C options contain programs stored in the ROM. 
These programs include processor and memory diagnostics, bootstrap pro- 
grams for the RVll floppy disk system, and absolute loader programs for 
paper tape readers. 

TEVll (or REVll-A), BCVIA, and BCVIB options are used for system expan- 
sion in multiple backplane systems. In addition, the REVll-A or TEVll can 
be used to terminate the DDVll-B backplane (requiredswhen more than six 
option modules are installed on the backplane). \ 

LSI-11 SOFTWARE 

The LSI-11 software consists of a paper tape software (QJVIO-AB) operating 
package available with the LSI-11 .as a basic utility package and an Editor, 
which allows the user to create and modify ASCII source files to be used 
as input to other system programs; an Assembler, which allows the user to 
translate assembly language programs into executable machine-coded pro- 
Igrams; a Loader, which allows the user to input programs and data from 
various media into the machine; an On-line Debugging Technique (ODT) 
Package, which allows the user to debug assembled and linked programs; an 
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Input/ Outpuf Executive, which allows the user to control the flow of data to 
and from devices under program control. 

LSI-11 Systems Software include a paper tape software operating package, 
a variety of operation systems, programming languages, diagnostic software, 
paper tape software and special software options. 

Real-Time Operating System RT-11 

RT-11 is a floppy disk based, single-user, foreground/ background system 
that can support a real-time job execution in the foreground and an inter- 
active or batch program development job in the background. It is a high per- 
formance system which combines fast, on-line access with high level pro- 
gramming language capabilities and user-beneficial features such as stack 
processing and vectored interrupts. 

Resource-Sharing Operating System RSX-llS 

RSX-llS is an execute-only operating system designed to provide the most 
efficient resource-sharing environment for multiple real-time-^fivities with- 
out a mass storage device. This operating system features multi-program- 
ming, priority scheduling, contingency exist, and power-fail shut-down and 
auto- restart. 

RT-11 Programming Languages 

MACRO-11, the assembler, provides full macro programming capabilities in 
systems with 8K of memory. It has facilities for maintaining and using a 
macro library and performing conditional assembly. 

Multi-user BASIC is a fast incremental compiler developed by DIGITAL using 
a conversational programming language developed at Dartmouth. It provides 
on-line time-shared access to the LSI-11. Several users simultaneously can 
develop programs, enter and retrieve data, examine files, and communicate. 
It is one of the easier programming aids to master, yet it offers extremely 
sophisticated techniques for complex manipulations and efficient problem- 
solving. 

FORTRAN-IV is an updated, improved version of a widely accepted scientific 
problem-solving language and compiler, contained in 8K words of memory. 
It can be used to perform integer, real and double precision operations. 
Both program execution and compilation is much faster using this version. 
Input and output can be accessed directly, and all RT-11 monitor functions 
are completely accessible through callable subroutines. Object programs are 
put out in run time format without any intermediate assembly. 

PROM Formatter QJVll-CB 

This software generates formatted tape from which a PROM chip can be 
blasted. 

LSI-11 Paper Tape Diagnostics ZJVOl-RB 

These tapes test the processor, exercise the memory, isolate problem mod- 
ules and exercise the I/O devices. 
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DRVll-B Direct Memory Access 
(DMA) Interface 



Length: Extended 

Height: Quad 

Width: Single 

A 



< r 16 -DATA/ADDRESS BITS ^ 



BUS CONTROL 



DRvn-B 

DMA 
INTERFACE 



LSI-11 



M SERIES 



16 -OUTPUT DATA BITS 
REAl>Y 



CYCLE REQUEST 



WNCTION 



STATUS BITS 



BUSY 



CONTROL .grrs 



<^ 16- INPUT DATA BITS 



USER'S 

I/O 
DEVICE 



Figure 1. DRVll-B Interface Diagram 



DESCRIPTION 

The DRVll-B is a general purpose Direct Memory Access (DMA) interface 
used to transfer data directly between the LSI- 11 system memory and an I/O 
device as shown on Figure 1. The interface is programmed by the processor 
to move variable length blocks of 16-bit data words to or from specified loca- 
tions in memory by means of the LSI-11 bus. Once programmed, no pro- 
cessor intervention is required. The DRVll-B can transfer up to 250K, 16- 
bit words per second and is capable of operating in burst modes, with byte 
addressing. The control structure also ajlows read-mod ify-restore operations. 

The interface consists of five registers: Word Gount Register (WCR), Bus 
Address Register (BAR), Control Status Register (GSR), Input Data Buffer 
Register (IDBR), and Output Data Buffer Register (ODBR). The module also 
includes bus transceivers and logic for interrupt requests, address control 
and protocol, and DMA requests. 

The DRVll-B contains one switch banit used to assign an appropriate device 
address to the DMA interface and one switch bank to select an interrupt vec- 
tor address in the LSI-11 memory where the DMA routine is stored. 
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BBS? I 
BWTBT I 



(A) 



DMA INTERRACE 



c 



)6 BUS MTA ADDRESS 
BOALOO-151 



BIAKI L 



BINIT I 



BIRQ I 



BIAKO I 



BDMGO I 



BDMGI I 



BUS 
TRANSCEIVERS 



c 



DEVia 
ADDRESS 
SELECTOR 



VECTOR 
ADDRESS 

sasaoR 



BUS ADDRESS 
REGISTER 



V V 

STATfe BUS (DATA/AODRESSl DA 00- 15 H 



<2Z22 



DEVICE 
ADDRESS 
SELECTION 
SWITCHES 



INTERRUPT 
U>GIC 



PROTOCOL 
LOGIC 



C dao.i.Th 



VECTOR 
ADDRESS 
SELECTION 
SWTCHES 



SYNC 



DIN 



DMA 
CONTROL 
LOGIC 



WORD COUNT 
REGISTER 



OUTPUT 
DATA BUFFER 
REGISTER 
(ODBRl 



ERROR (DAIS) 



NEX (DAM) 



ATTEN (DA13 



MAINT (DAl^ 



! SlAruSA.B.C(OAI1.10.9 
CYCLE (DAOS) 



READY (DAOT) 



IE(0A06| 



;XAD16.17IDW5.061 



GO (DAOO) 



IE(U H 



CONTROL 
STATUS 

REGISTER 
CCSR) 



INPUT 
DATA BUFFER 
REGISTER 
tIDBR) 



WC INC ENB H 



(MtTWIThAUflfl-KfwiTH 



STATUS A.6.C H 



aCLE REQUEST H 



i: iN)>ut b'^TA 00-B H tC 



CO H 



I CI H 



SINGLE CVaE H 



IN IT H 
IKIIT V8 H 



-52SLJL 



USER'S 
t/O 
DEVICE 



Two 40-pin connectors, mounted near the edge of the module, facilitate the 
connection of the I/O device with the DMA, using any two of several cable 
assemblies available from DIGITAL. The module may be inserted into any 
available slot of the LSI-11 backplane or backplane extenders according to the 
rules and restrictions as described in the LSI-11, PDP-11/03 User's Manual. 

REGISTERS 

Each of the five registers can be addressed by the processor. The IDBR and 
ODBR are assigned the same address, and are read-only and write-only, 
respectively. 

The register bit format and functions are described as follows. 
Word Count Register (WCR) 

15 \ ■ 0 

ADDRESS I [ WAD/WRITE 

^ / ' ^ ^ 

16 BITS COUNTER 

"Alt logic "ones" decoded by bus 
master to assert BBS7 L signal 

The WCR is a 16-bit read/write counter which is loaded by the program with 
the two's complement of the number of words or bytes to be transferred 
at one time between memory and the I/O device. At the end of each trans- 
fer, the WCR is incremented. When the count becomes zero (all 16 bits = 0), 
the DMA generates an interrupt request. The cohtents of the WCR can be 
monitored by the processor program. 



Bus Address Register (BAR) 

15 M 12 II 



ADDRESS 
•XXXX2 



0-7. 



0-7. 



0-7- 



0-7. 



'All logic "ones" decoded by bus 
master to assert BBS7 L signal 

The BAR is a 15-bit read/write register used to generate ttie bus address 
which specifies the location to or from which data is to be transferred. The 
register is incremented after each transfer. It will increment across 32K 
boundary lines via the extended address bits in the control status register. 
Bus address bit 00 is driven by the user device. 

Control and Status Register (CSR) 



ADDRESS 
*)«rXX4 



*AII logic "ones" decoded by bus 
master to assert BBS7 L signal 

The CSR contains 16 bits of information used to control the function and 
monitor the status of the DMA transfers. The information in the CSR can be 
modified or read by the processor program in either 8-bit bytes or 16-blt 
words. Table 1 lists and defines each of the 16 bits. 
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Table 1 Control Status Register Bit Description 



HIT 

BIT 


NAME 


DESCRIPTION 


15 


Error 


1. 


Indicates special condition. 




(rceaa uniy^ 


m 


„ Kiev /Ui^ 

a. NtX (DIt 14^ 








h ATTN ^hit 1 






2. 


Sets READY (bit 7) and causes interrupt 








IT IE (bit D) IS set. 






3. 


Cleared by removing the special condition. 








a^ NEX is cleared by writing to zero. 








b. ATTN is cleared by the user device. 


14 


NEX 


1. 


Non existent memory indicates that as bus 




(Read/Write Zero) 


master, the DRVll-B did not receive 








BRPLY or that a DATIO cycle was not com- 








pleted. 






2. 


Sets Error (bit 15). 






3. 


Cleared by INIT or by writing to zero. 


13 


ATTN 


1. 


Indicates the state of the ATTN user signal. 




(Read Only) 


2. 


Qete Prrnr /hit 1 R^ 

OBis error ^oii x^^. 


12 


MAINT 


1. 


Maintenance bit used with Diagnostic Pro- 




(Read/Write) 




gram. 


11 


STAT A 


1. 


Device Status bits that indicate the state 




(Read Only) 




OT ine uo 1 M 1 M.| Of ana u user signals. 


10 


STATB 


2. 


S6t and cleared by user control only* 




(Read Only) 


> 


U7 


STATC 








(Readonly) 






08 


CYCL 


1. 


Cycle is used to prime a DMA bus cycle. 




(Read/Write) 






07 


READY ^ 


1. 


Indicates that tne ijRVli-B is able to ac- 




(Read Only) 




ww|jv a iiw* v#vi 1 II 1 laiiu* rxwvj uco^a cii i ii i v«i 








rupt if IE (bit 06) is set. 




J 


2. 


Set by INIT. 


06 


IE 


1. 


Enables interrupts to occur when READY 




(Read/Write) 




(bit 07) is set. 






2, 


Cleared by INIT. 


ntt' 


aAD 1/ 




bA 1 ciNUcLi AQuress DIt 1/, cieareci oy ini i . 




(Read/Write) 




nA 


XAD 16 




EXTENDED Address bit 16, cleared by INIT. 




(Read/Write) 




Oo 


FNCT3 . 


1. 


Thre^ bits made available to the user de- 




(Read /Write) 




vice. User defined. 




FNCT2 


2. 


Cleared by init. 




(Read/Write) 






FNCT 1 








(Read/Write) ^ 






00 


GO 


1. 


Causes "NOT READY" to be sent to the 




(Write Only) 




user device indicating a command has 








been issued. Clears READY (bit 07). 








Enables DMA transfers. 
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input Data Buffer Register (IDBR) 



15 ■ 8 7 0 



8 BIT HIGH BYTE 


8 BIT LOW SYTe 

II 1 1 1 1 1 








^ — - 




J 



16 Btr DEVICE INPUT DATA WORD 



*AII logic "ones" decoded by bus 
master to assert BBS7 L signal 

The IDBR is used for read-only operations. Data is loaded into the register by 
the user's device. The data may be read from the IDBR as a 16-bit word, an 
8-bit high byte or an 8-bit low byte. Transfers are usually via DATO or DATOB 
DMA bus cycles. The register input connects to J2 mounted on the module. 



Output Data Buffer Register (ODBR) 



ADDRESS 
•XXXX6 



8 7 



8 BIT HIGH BYTE 
I I l_ 



8 BIT LOW BYTE 



16 BIT DATA WORD 



*All logic "ones" decoded by bus 
master to assert BBS7 L signal 



The ODBR is used during write-only operations. Data from the LSI-11 bus is 
loaded into the register under program control and read from the register by 
the user's device. The register ^an be loaded with a 16-bit data word or with 
an 8-bit high byte, or as an 8-bit low byte. Transfers are usually via DAT! or 
DATIO DMA bus cycles. The output of the register connects to Jl on the 
module. 

DEVICE AND VECTOR ADDRESS SELECTION 

The address of the DRVll-B interface and the interrupt vector address in 
memory is selected by the position of the switches in switch bank SI and 
S2, respectively. The location of the switches on the module is shown on 
Figure 2. The switches are set to the OFF position (open) to select a zero 
bit in the address format and the ON position. (closed) to select a one. 

Device Address Format 

The DRVll-B decodes four address, one for each of the registers listed: 

Register Octal Address 

WCR *XXXXO 

BAR *XXXX2 

CSR *XXXX4 

DBR *XXXX6 
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2i 



11 




VECTOR ADDRESS 



Figure 2 Connector and Switch Locations 

Normally, the addresses assigned to the DMA start at 7724108 and progress 
upward. Switches Sl-1 through Sl-10 select the base address as indicated 
by the X portion of the octal code and the individual registers are decoded 
by the DMA interface. The. relationship between the address format and the 
switches are shown on Figure 3. 



17 




15 


14 


12 


'u 


9 


8 


6 


5 


3 


2 


1 


0 


• 


• 


• 


* 


• Sl-1 


Sl-2 Sl-3 


Sl-4 


SI -5 


Sl-6 Sl-7 


St-8 


SI- 9 Sl-IO 
1 


* 

1 


* 


• 



6 0R7g 



^ALL L0GIC"0NES" DECODED BY PROCESSOR 
AS BBS7-L SIGNAL 



0-7. 



REGISTER SELECT- 
BYTE CONTROL — 



Figure 3 Device Adtlress Switch (SI) Selection 
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Interrupt Vector Address Selection 

The interrupt vector addresses for the LSI-11 systems are allocated mem- 
ory locations from 0-7748. The recommended locations-assigned to the 
DRVll-B is 1248. Switches S2-1 through S2-8 are used to select the octal 
address and the relationship between the switches and address format is 
shown on Figure 4. 



09 08 06 05 03 02 00 



S2-I 


S2-2 S2-3 


S2-4 


S2-5 S2-6 S2-7 
1 1 


S2-8 • 






j\. J 




5 OR 


0-78 




0-78 


0 OR 4g 



PRE ASSIGNED AS ZERO 



Figure 4 Interrupt Vector Address Switch (S2) Selection 
FUNCTIONS 

The DRVIl-B interface ooerates as both a slave and master device. Prior to 
becoming bus master, all Data Transfers Out (DATO) or Data Transfer In 
(DATI) are in respect to the processor. Once DMA is granted bus mastership 
by the processor, all data transfers are in respect to the DMA. 

DMA operation is initialized under program control by:.(l) loading the WCR 
with the two'%complement of the number of words to be transferred; (2) 
loading the BAR with the first address to or from which data is to be trans- 
ferred; (3) loading the CSR with the desired function bits. After the interface 
is initialized, data transfers are under control of the DMA logic. 

Program Control Transfers 

Data transfers may be performed under program control by addressing the 
IDBR or ODBR and reading or writing data. 

DMA Control Transfers 

DMA input fDATI) or output (DATO) data transfers occur when the processor 
clears READY. For a DATO cycle (DRVll-B to memory transfer), the user's 
I/O device presets the CONTROL BITS [word count increment enable (WC 
INC ENB), bus address increment enable (BA INC ENB), CI, CO, AOO, and 
ATTN], and asserts CYCLE REQUEST to gain use of the LSI-11 bus. When 
CYCLE REQUEST is asserted, input data Is latched into the input DBR, the 
CONTROL BITS are latched into the QRVll-B DMA control, and BUSY goes 
low. A DATI cycle — memory to DRVll-B transfer — is handled in a similar 
manner, except that the output data is latched into the output DBR at \he 
end of the bus cycle. 

When the DRVll-B becomes bus master, a DATO or DATI cycle is performed 
directly to or from the LSI-11 memory location specified by the BAR. At the 
end of each cycle, the WCR and BAR are incremented and BUSY goes high 
while READY remains low. A second DATO or DATI cycle is performed when 
the user's I/O device again asserts CYCLE REQUEST. DMA transfers will 
continue until the WCR increments to zero, at which time READY goes high 
and the DRVll-B generates an interrupt (if interrupt enable Is set) to the 
LSI-11 processor. 

If burst mode is selected (SINGLE CYCLE low), only one CYCLE REQUEST 
is required for the complete transfer of the specified number of data words. 
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DEVICE CABLES AND SIGNALS 

Data, status and control signals are transferred between the user's I/O device 
and DMA by an input and an output cable assembly. The input cable attaches 
to connector J2 and the output cable attaches to connector Jl as shown on 
Figure 2. Table 2 and 3 list the connector pin and designations for each 
signal. Table 4 lists several recommended cable assemblies that are avail- 
able from DIGITAL in the lengths indicated. The H856 female connector mates 
with either Jl or J2 on the DRVll-B. To order cable assemblies in lengths 
not listed, contact a DIGITAL sales office. 

GENERAL SPECIFICATIONS 

Module Size 

Quad-height, single-width, extended- length 

Dimensions ^ 

81/2 in. L, lOVz in. H, 1/2 m. W (21.6 cm L, 26.7 cm H, 1.27 cm W) 

Weight 

13 oz. (370 gr.) 

User I/O Connections 

Two 40-pin connectors 

Table 2 Input Connector Signals 

J2* 

Connector Pin, Signal Name Unit Loads 



B 


BUSY H 




10 


(drive) 


D 


ATTN H 




1 




F 


AOO H 




1 




J 


BA INC ENB H 


1 






FNCT 3 H . 




10 


(drive) 


N 


CO 4 




1 




R 


FNCT 2 H 




10 


(drive) 


T 


CI H 




1 




V 


FNCT 1 H 




10 


(drive) 


DD^ 


i 08 IN' H ] 








FF 


09 IN H 








JJ 


10 IN H 








LL 


11 IN H 






NN 


12 IN H 








RR 


13. IN H 








TT 


14 IN H 








W 


15 IN H 








CO 


07 IN H 




1 




EE 


06 IN H 








HH 


05 IN H 








KK 


04 IN H 








MM 


03 IN H 








PP 


02 IN H 








SS 


01 IN H 








uu 


00 IN H 









*AII remaining pins connect in common to logic ground by board etch. 
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Table 3 Output Connector Signals 



CwinMtCMr nn Signal Name Unit Loads 

B CYCLE REQUEST H 1 

. D INIT V2 H 10 (drive) 

F INI H 10 (drive) 

J WC INC ENB H 1 

K SINGLE CYCLE H 1 

L STATUS A 1 

N READY H 10 (drive) 

R STATUS B 1 

J \ STATUS C 1 

DE» 08 OUT H I 

FF 09 OUT H 

M 10 OUT H 

Lt 11 OUT H 

m 12 OUT H 
m ^- 13 OUT H 

TT 14 OUT H 

W 15 OUT H I /J . > 

CC . 07 OUT H f 10 

EE 06 OUT H 

HH 05 OUT H 

KK 04 OUT H 

tm 03 OUT H 

PP 02 OUT H 

SS 01 OUT H 

UW 00 OUT 



*AII remaintRg pins connect in common to logic ground by board etch. 



HAVE YOU SEEN THE DIRECT SALES CATALOG? 

For USA customers, DIGITAL'S Direct Sales Catalog puts the world of com- 
puters and computer-related accessories as close to you as your telephone or 
mail box. All of the microcomputer products described in the Logic Handbook 
are offered through the Direct Sales Catatog, and most are available for im- 
mediate shipment. To get your free copy, call toll-free, 8:30 AM to 5:00 PM 
Eastern time, 800-258-1710. 

From New Hampshire locations, or places outside the continental U.S., call 
Merrimack, 603-884-6660. 
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Table 4 




tmmended Cable Assemblies 



Cable No. Connectors Type Standard Lengths (ft.^ 

BC07D-XX H856 to open end 2, 20 conductor ribbon 10, 15, 25 

BC08R-XX H856 to H856 Shielded flat 1, 6, 10, 12, 20, 25,50 

BC04Z-XX H856 to open end Shielded flat 6. 10. 15. 25, 50 



Mounting Requirements 

Plugs directly into LSI-11 backplane or LSI-11 expansion backplane. 
Electrical 

Logic Power Requirements: 



LSI-11 Bus Loading 

Presents one (1) bus load 

User Loading 

Input Data Lines: 



Input Control Lines: 



Output Data Lines: 



Output Control Lines: 



Module Type 
M7950 

Operational 

Transfer Mode: 

Data Transferr 

Environmental 
Temperature: 



Relative Humidity: 



4-5 V ±5% @ 1.9 A (nominal) 



1 TTL unit load each 
HIGH = logic one 
LOW = logic zero 

1 TTL unit load each 
HIGH = logic one 
LOW = logic zero 

10 TTL unit loads (drive) each 
HIGH = logic one 
LOW = logic zero 

10 TTL unit loads (drive) each 
HIGH = logic one 
LOW = logic zero 



DMA or program-controlled without interrupts 
Up to 250,000 16-bit words per second 

Storage: -40' to 66°C (-40° to ISO'F) 
Operating: 5» to 50''C (41" to 122^F) 

10% to 95% non-condensing 
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DRVll-P 
BUS FOUNDATION MODULE 



Length: Extended 
Height: Quad 
Width: Single 



LSI-11 



M SERIES 



A 



^ ^ BUS 

C 16-DATA/ADDRESS BITS > TRANS- 
IT' ^ CEIVERS 1 

I 



DRVU- P 
FOUNDATION 

MODULE 
1 

I 



I USER 
—I DESIGN 
I LOGIC 

, I 



BUS I 
CONTROL I 
LOGIC I 

I 
I 



J6 DEVICE. DATA BITS_ _^ 
^STATUS/CONTRgr^ Jf?^"^ 



I/ODCVICE 



55 CT ^BUS CONTROL LINES ^ 

V 

Figure 1. Typical DRVll-P Interface 

DESCRIPTION 

The DRVll-P is a versatile wire wrap module that contains the bus interface 
logic for operation with the LSI-11 or PDP-11/03 system and provides ade- 
quate board area for mounting and connecting integrated circuits (IC's) or 
discrete components. Because the bus interface logic is included, the mod- 
ule can be efficiently configured by the user to satisfy a variety of device 
interface logic applications. 

A 40-pin connector, conveniently mounted at the board edge, facilitates the 
connection to a device through several cable assembly types available from 
DIGITAL 

Except for the bus interface connections, all signals and voltages' are ter- 
minated to wire wrap pins for user connections. The bus control logic is 
provided with wire wrap test points for monitoring the internal signals. The 
test points are spaced at 0.1 in. (.254 cm) between pins to allow a 40-pin 
connector to be inserted over the wire yvrap pins for automated test functions. 

Approximately 2/3 of the surface area on the module consists of plated- 
through holes, each connected to a wire wrap pin. The user'^can mount three 
different types of dual-in-line IC's or a variety of discrete components into 
the holes and connect the proper voltages and signals by wire wrapping 
leads on the"l)oard. 

The DRVll-P module can be inserted into any one of the available interface 
option locations of the LSI-11, PDP-11/03 backplane, or backplane extender 
unit. The module occupies four vertical slots. Refer to the LSI-11, PDP-11/03 
User's Manual for detailed installation information. 
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A 



< C DATA/ADDRESS IBDALOOL - BDAllSiT" 



LSI-n BUS FQUNMTION MQOULE 



V 



BDOUT L 



BWTBT 1. 



BRPU 1, 



BOMOO L 



BINIT L 



BIAKI L 



:> 




c TlaeviCE oaia in ooh-inish 



DEVICE DATA POOH- 0I5H ^ 



D00H-DO2H" 



INTERRUPT 
CONTROL 
LOGIC 



VECTOR STATUS/CONTROL BITS~ 




EN8 DATA AH 



VEC ROST 8 H 



ENB A ST H 



EN6 B ST H 
IrJITOL 



INITOH , 



112 



PROTOCOL 
CONTROL 
LOGIC 



OUT LB L 



WIRE WRAP PINS 



USER ICA30MPONENT MOUNTING AREA 



IBS 



TO USER 

DEVICE 
CABLE 
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FUNCTIONS 

The DRVll-P contains 16 bus transceivers, device selection and vector 
address generation logic, interrupt control, and control and status register 
functions. The device data inputs and outputs of the bus transceivers and the 
device control signals are made available to user to complement control of 
up to four 16-bit registers. 

Address Selection Logic 

The address selection logic consists of a device address comparator and the 
protocol control logic. Up to four discrete addresses are made available 
with the existing logic on the DRVll-P and can be assigned to data registers, 
status and control registers, or word counters. By adding additional IC's, the 
user can increase the total number of addresses available. The main address 
of the DRVll-P is selected by monitoring the BBS7 -bus line and decoding 
the address information D03-D12 from the bus. The main device address 
is assigned by the configuration of jumper leads (A03-A08) attached to wire 
wrap pins. When the selected and input bus addresses are the same, the 
device address comparatory provides an ENB H level to the protocol control 
logic. The protocol control logic receives bus signals and address bits DOl- 
D02 to assert one of the four available output lines — SEL DEV 00, SEL DEV 
2L, SEL DEV 4L, and SEL DEV 6L. In addition, the protocol control logic 
provides output signals to specify word or byte transfers. 

Table 1 lists and defines the function of the control signals required or 
available for the user logic. 

Table 1 Protocol Control Logic Signals 

Sigrtal Function " 

SEL DEV OL Select Device 0 through 4 — One of four lines asserted by 

SEL DEV 2L decoding the device address and available to select one 

SEL DEV 4L of four user word registers. ^ 
SEL DEV 6L 

OUT LB L Out Low Byte, Out High Byte^Used to load (write) data 

OUT HB L into low byte (8 bits) or high byte (8 bits) or both bytes 
(16 bits) of the selected word register. 

IN WD L In Word — Used to gate (read) data from the selected 

word register to the bus. / 

The format for the device addcess selection is shown on Figure 2. A logic 
one. Is specified when no jumper lead is installed between the appropriate 
wire wrap pin from A3-A12. A logic zero is specified when a jumper lead is 
installed. 











All -AX) A9 
1 1 


A8 A7 A6 

■ ■ 


>(S A4 A3 

- ,. ._L 1 


0/1. 0/1 


0/1 



"0^ 



•'DECODED BY PROCESSOR 
ALL LOGIC "ONES-s BBS7 L 



REGISTER SELEaO-48 
BYTE ODNTROl 



J 



Figure 2. Device Address Selection 
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interrupt Control Logic 

The interrupt control provides the circuits necessary to allow a program in- 
terrupt transaction between the LSI-11 and device. Two interrupt channels 
(A and B) are available to the user with channel A assigned the highest 
priority. Table 2 lists and defines the user available signals associated with 
the interrupt control logic. 

Tabie 2 interrupt Control Logic Signals 

Signal Function 

RQST A IH Interrupt Request A — ^Asserted by device logic and sets 

the channel A Interrupt Request flip-flop when the 
channel A Interrupt Enable flip-flop is set. 

ENB DATA A H Interrupt Enable A Data — Asserted by device logic and 
sets the channel A Interrupt Enable flip-flop when the 
ENB CLK A signal is asserted. 

ENB CLK A Interrupt Enable A Clock — ^Asserted by device logic to 

cause the channel A Interrupt Enable flip-flop to be 
set when ENB DATA A signal is asserted. 

ENB A ST H Interrupt Enable A Status — Indicates the status of the 

channel A Interrupt Enable flip-flop. 

RQST B H interrupt Request B — Same as RQST A H signal except 

controls channel B interrupts. 

ENB DATA B H interrupt Enable B Data — Same as ENB DATA A H 

signal except controls channel B interrupts. 

ENB CLK B Interrupt Enable B Clock — Same as ENB CLK A signal 

except controls channel B interrupts. 

ENB B ST H Interrupt Enable B Status — Same as ENB A ST H ex- 

cept controls channel B interrupts. 

VECTOR H interrupt Vector Gate — Used by device logic to gate 

vector address onto the bus and to generate B RPLY 
signal. 

VEC RQST B H Vector Request — Asserted by device logic to specify 
that channel A vector address is required; negated to 
specify channel B vector address is required. 

INIT 0 L Initialize Out — Buffered B INIT L signal from bus used 

for general initialization. 

Vector Address and CSR Logic 

The vector address logic is used in conjunction with the interrupt control 
logic to generate a vector address on bus lines BDAL OOL-BDAL 07. The 
vector address is specified by the user and selected by installing jumper leads 
between wire wrap pins on the M7948 module. The addresses available are 
from OOOs to 3748- The vector address range can be increased from GOOg to 
7748 with additional log«: and wiring. 

When the VECTOR H signal is asserted as a result of a cfevice interrupt re- 
quest, the vector address is placed on the bus lines. 

Wire wrap pins V3 through V7 are used to assign the vector address. A 
jumper lead installed selects a logic "zero" address bit for its associated 
line and no lead selects a logic "one" address bit according to the format 
on Figure 3. 
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) 



BDAL L 07 06 05 03 02 00 v 



V7 V6 


V5 V4 V3 


0/t • • 

1 1 




0-38 


0-^8 


0 OR 48 



•s PRESET BY M7948 TO 0 BIT 



Figure 3. Vector Address Select Format 

Bit BDAL 02 L can be connected to the device interrupt request signal RQST 
A signal to specify a separate vector address for channel A and channel B. 

Status and control Information can be multiplexed through the same logic 
used to generate the vector address. Up to eight status and control bits can 
be assigned by the user and transferred to bus lines BDAL 00 L-BDAL 07 L. 
The information can be gated onto the bus lines using a select level gen- 
erated by the address decoding logic. 

COMPONENT MOUNTING AREA 

Twelve vertical areas (A-L) are available on the M7948 module for mounting 
integrated circuits or discrete components as shown on Figure 4. Each area 
has a double row of wire wrap pins that connect to an associated plated 
through hole located at 0.1 in. (.254 cm) vertical spacing. Area A is for 
multi-use and is capable of accepting IC's with pin centers at 0.3 in. (.762 
cm), 0.4 in. (1.01 cm) or 0.6 in. (1.52 cm). Area K will also accept IC's with 
pin centers at 0.3 in. or 0.4 in. All remaining areas will only accept IC's with 
pin centers at 0.3 in. 

Table 3 lists the total number of IC's with 0.3 in. spacing that can be mounted 
in the user areas of the module, A through L. 



Table 3 IC MOUNTING 

10 Type Total Number 

14 pin 60 

16 pin 52 

18-pin 44 

20 pin 44 

Connector Wire Wrap Pins 

The 36 contact pins in row C and D at the edge of the module connect to a 
double row of wire wrap pins. These two rows are made available to the user 
for connecting signals and voltages from the backplane to the user installed 
logic circuits. The following pins of row C and D are normally dedicated to 
-f5VandGND. 
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IC MOUNTING AREA A 



IC MOUNTING AREA B 



IC MOUNTING AREA C 



IC /MOUNTING AREA D 



IC /MOUNTING AREA E 



_J [TEST CONNECTOR PINS I 

I . I I E16 I I E17 I 



I I u EM I rirn 



TEST OONNEaOR PINS 



I ElO I I Ell I I E12 I 

I ^7 I I E8 I I E9 I 



TEST CONNECTOR PINS 



E6 



E2 



E3 



IC AMOUNTING AREA F 



IC MOUNTING AREA G 



IC MOUNTING AREA H 



IC AAOUNTING AREA 
I 



IC MOUNTING AREA 
J 



IC MOUNTING AREA 
K 



IC MOUNTING AREA L 



, Figure 4 DRVll-P Component Mounting Locations 

The user can" connect the power to the IC or components using the row C 
and row D wire wrap pins. • 



+5 V 
GND 



CA2, DA2 
CJl, CMl, CTl 
DJl, DM1, DTI 
CC2, DC2 



f 
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Device Signals 

Input and output data, status and control signals can be transferred between 
the device and the DRVll-P module using any one of several cable assem- 
blies listed on Table 4 and available from DIGITAL. One end of each cat>le 
is terminated with a 40-pin female connector which mates with the 40-pin 
male connector Jl mounted on the M7948 module. The pins of Jl connect 
to the user installed logic through a series of wire wrap pins. ' 



Table 4 Recommended Cable Assernblies 



Cable No. 


Connectors 


Type 




BC07D-XX 


H856 to open end 


2, 20 conductor 


10, 15, 25 






ribbon 




BC08R-XX 


H856toH85^ 


Shielded flat 


1, 6, 10, 12, 20, 








25, 50, 75, 100 


BC04Z-XX 


H856 to open end 


Shielded flat 


6, 10, 15, 25, 50 



Presents a maximum of one unit load on the 
LSI-11 bus. 

S'C (41*'F) to 50'C (122»F) 

10% to 90%, without condensation 

-j-5 V at 1.0 A ^max); user logic not included 

Quad height — 10.5 in. (26.67 cm) 
Single width — 0.5 in. ( 1.27 cm) 
Extended length — 8.5 in. (21.59 cm) 

OPTIONAL EQUIPMENT 
Integrated Circuits (ICs) 

Two special ICs are available from Digital Equipment Corporation for use in 
configuring custom interfaces with the DRVTl-P. 

DEC8640 Bus Receiver IC (Quad 2-lnput NOR Gates) — 956 

The 956 is a package of ten 14-pin, dual-in-line package (DIP) DEC8640* 
integrated circuits (ICs). Each IC comprises four 2-input NOR gates. Each 
gate performs the Boolean function X = A + B. The DEC8640 gates are 
especially suitable as Unibus or LSI-11 bus receivers because of their high 
impedance characteristics and, hence, minimal loading on the b\s$. 

These NOR gates are described in detail in the HARDWARE/ ACCESSORIES 
CATALOG published by Digital Equipment Corporation. 

DEC8881-1 Bus Driver IC (Quad 2-lnput NAND Gates)— 957 

The 957 is a package often 14-pin, dual-in-line package (DIP) DES8881-1 
integrated circuits (ICs). Each IC comprises four 2 Input NAND gates. Each 
gate performs the Boolean function X = AS. The DES8881-1 ICs are espe- 
cially suitable as Unibus or LSI-11 bus drivers because of their capability to 
sink 70 mA with a collector voltage of less than 0.8 V. 

These NAND gates are described in detail in the HARDWARE/ ACCESSORIES 
CATALOG published by Digital Equipment Corporation. 

*DEC8640 IC replaces DEC380 IC. 



GENERAL SPECIFICATIONS 

Bus Input Loading: - 

Operatii^g Temperature: 
Relative Humidity: 
Power: 
Size 
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KPVll-A Power Fail/ Line 
Time Clocli Generator 



Length: Extended 
Height: Double 
Width: Single 

DESCRIPTION 

The KPVll-A Module (M8016) is an LSi ll power fail/restore signal sequence 
and line time clock (LTC) generator. (See Figure 1). It is compatible with all 
LSI-11 component systems and LSI-11 backplane options. The KPVll-A is 
designed for instaHation in any LSt-11 bus-structured backplane or remote 
installation (not installed in a backplane) via an optional cable which con- 
nects the option to the LSI-11 backplane. An optional console panel (DEC 
Part No. 54-11808) Is available for manual control of LTC and power signal 
generation and display of DC power on/off status and processor run/halt 
state. 

FEATURES 

Automatic generation of BPOK and BDCOK power-up/power-down signal se- 
quence. 

Automatic program restoration and starting when used with non-volatile mem- 
ory and appropriate software routines. 

The built-in line time clock is program compatible with the KWll-L. The 
KPVll-A is factory-configured for LinetclocK Status (LKS) register address and 
operations. 

, Line time clock time reference can be provided by a signal source (user 
supplied) other than the power line. 

Can be installed in the LSI-11 backplane or mounted remotely. An optional 
cable connects the KPVll-A to the LSI-11 backplane when mounted remotely. 

Expandable with the 54-11808 console panel option. 



HAVE YOU SEEN THE DIRECT SALES CATALOG? 

For USA customers, DIGITAL'S Direct Sales Catalog puts the world of com- 
puters and computer-related accessories as close to you as your telephone or 
mail box. All of the microcomputer products described in the Logic Handbook 
are offered through the Direct Sales Catalog, and most are available for im- 
mediate shipment. To get your free copy, call toll-free, 8:30 AM to 5:00 PM 
Easterq time, 800-258-1710. 

From New Hampshire locations, 6r places outside the continental U.S., call 
Merrimack, 603^,884-6660. 
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LSI-11 
SYSTEM 
COMPONENTS 
(PROCESSOR, 

MEMORY, 
PERIPHERAL 
INTERFACE 
MODULES, 
" ETC.) 



AC LINE INPUT - 

EXTERNAL TIME REF. 

(OPTIONAL) 1 



BDAL <0.12>L 



BBSr L 
aSYNC I 
8DIN L 
BDOUT I 
BINIT 
8EVNT I 



KPV11-A 
(M8016) 



PROGRAMM- 
ABLE 
LTC GKTS 



POWER 
SIGNAL 
SEQUENCE 
CKT 



LINE XFMR 
(USER- 
SUPPUED) 



-« »■ 



CONSOLE 
(OPTIONAL) 



REMOTE REMOTE 
^SIGNAL DC ON/ 
CONNECTOR OFF 

(OPTIONAL) 



Figure 1 KPVll-A System Interface 



CONFIGURING LTC JUMPERS 

LTC jumpers are locate<J on the M8016 module as shown in Figure 2 and 
are factory-configured for programmable operation with the LKS register 
address (177546) as shown in Figure 3. Normally, it will not be necessary to 
reconfigure LTC jumpers; however, it is possible to alter LTC operation as 
listed below and the LKS deviee address as shown in Figure 3. 



Jumper 



Installed 



Removed 



W12 

W13 

W14 
WIS 



Enable manual control or 
continuous LTC interrupt re- 
quest operation. Do not in- 
stall when W13 is installed. 
*LTC interrupt requests can 
be enabled and disabled by 
program. Do not install when 
W12 is installed. 

•Console (optional) LTC ON/ 
OFF switch enabled. 

*LTC signal occurs at the 
power line frequency. 



* Disable continuous or manual 
operation. 



LTC interrupt requests can- 
not be program controlled. 



Console LTC ON /OFF switch 
disabled. 

LTC frequency is determined 
by an external source via EXT 
TIME REF 'etched pad on 
module. 



* Factory-jumpeeed configuration. 
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1 


1 


1 


1 


t 


1 


0 


1 


1 


0 


0 






0 




) 
























' , 

BANK r ADDRESS 
(BBS7 L ASSERTED 


FIXED DECODED 
"6" BY 



PREFERRED 

ADDRESS 

«rTS46» 



ADDESS JUMPER Wt W2 W3 W4 W5 W6 W7 we W9 W10 KPV1)-A 

LOGIC 



III IIRIXRR FACTORY JUMPER CONFIGURATION 

I ■ INSTALLED '"r 
R ■ REMOVED " "0" 

Figure 3 KPVll-A Device Address (LKS Register) Jumpers. 



KPVll-A MODULE INSTALLATION 
BACKPLANE 

The Kf^ll-A module can be installed in any LSI-11 structured backplane, 
such as the H9270 and DDVll-B. 

REMOTE LOCATION 

Mounting holes are provided in the KPVll-A module for remote location in- 
stallation. (See Figure 4 for mounting details) 




Figure 4 KPVll-A Remote Installation 
NOTE 

Program control of the LTC function is not pos- 
sible when remote installation is used. However, 
manual control is available using the optional 
control panel. 
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The KPVll-A is electrically connected to the LSI-11 bus using an optional 
signal cable, (DEC Part No. 70-12754). This cable is inserted Into the 10 pin 
connector on H9270 or DDVll-B backplane. (See Figure 4). 

The +5V and +12VDC voltage sense input must be provided by the user 
when the KPVll-A is not installed in ttie LSI-11 backplane. Figure 2 illustrates 
the location of etched pads provided for the purpose of voltage connection 
to -the module. 

Power Sense Connection 

The user is required to supply the 24Vac center tapped, 50 or 60Hz input 
voltage necessary to produce the DC operation voltage for the option. In 
addition, this voltage provides the 50 or 60Hz reference for the LTC function, 
and is the power fall monitor signal* for the power signal sequence circuit, 
illustrated in Figure 2 is the location of three tabs on the KPVll-A module 
provided for voltage connection. 

CONSOLE PANEL 

Electrical connections between the KPVll-A and the console panel are made 
via 16-pin dual-in-line integrated circuit sockets located on each assembly. 
The electrical connection between the sockets is made using a signal/power 
cabre (DEC Part No. 70-98612). 

In addition to the LTC ON/OFF and RUN/ENABLE switch functions, the con- 
sole panel includes a DC ON/OFF switch. This switch, when in the OFF 
position, disables BDCOK H and BPOK H signal generation. If desired, this 
switch can^ also control the DC On/Off state of the user's power supply if it 
is capable of being controlled by a T^L Signal. 

Use of External Time Reference 

The KPVll-A normally uses the 50 or 60Hz input (via the three power tabs 
on the module) for LTC signal generation. However, an external TTL Logic- 
compatible frequency source may be used for producing LTC signals at fre- 
quencies other than the power line frequency. An etched pad is provided 
for this purpose on the KPVl 1-A module. 

LTC PROGRAMMING 

The LSI-11 program communicates with the LTC function via the LKS register 
(Figure 5) contained in the KPVll-A logic circuits. The LKS register's de- 
vice address is normally configured to 177546 for system software com- 
patibility. 

KCSR (177546) 

15 08 07 06 00 BIT 



0 


0 


0 


0 


0 


0 


0 


b 






0 


0 


0 


0 


0 


0 




1 INTERRUPT ENABLE 

1 • ENABLE 
O'OISABLE 

(REAO/WRITE BIT) 
MONITOR 



SET TO "I" BY LINE FREQUENCY CLOCK 
/ SI6NAL. CLEARED BY PROGRAM. 

(READ/WRITE [clear-only] BIT) 

Figure 5 Line Time CJock Status Register (LKS) 

LTC interrupts, when enabled (LKS bit 06 = 1), occur as an interrupt re- 
quest (bus low assertion) on tije BEVNT L signal line. This causes the pro- 
cessor to execute a service routine via vector address 100. Memory location 
100 must contain the PC (starting address) for the LTC service routine; 
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similarly, memory location 102 must contain the PS (processor status word) 
for the service routine. As with all "external" interrupts, the LSI-11 pro- 
cessor will recognize the LTC interrupt request only when the current PS bit 
07 is cleared. When PS bit 07 = 1, external interrupts, including the LTC In- 
terrupt, are ignored. The LTC interrupt has highest priority of all external 
interrupts and does not require a vector address bus transfer. An interrupt 
request via the BEVNT L bus signal line, as previously stated, always results 
in access to the service routine via vector address ICjO. 

CONSOLE OPERATION 

The console panel option'* controls and indicators are shown in Figure 6 
and described below: 



Control/ 
indicator 



Type 



Function 



DC ON 



RUN 
Spare 

DC ON/OFF 



LED indicator 



LED indicator 

Two-position 
toggle switch 



ENABLE/ 
HALT 



LTC 

ON/OFF 



LED indicator Illuminates when the DC ON/OFF toggle 
switch is set on ON and proper dc out- 
put voltages are being produced by the 
user's power supply and sensed by the 
KPVll-A. . 

If either the -f 5 V or -f 12 V output 
from the power supply is Low, the DC ON 
1 Indicator will not illuminate. 

Illuminates when the LSI-11 processor is 
in the run state (see ENABLE/ HALT). 

When set on ON, enables the dc outputs 
of the user's power supply (if connected 
for this function---see instructions for 
installing the console panel). The DC ON 
f indicator will illuminate if the dc output 

voltages are of proper values. 

When set to OFF, the power supply dc 
outputs are disabled and the DC ON in- 
dicator is extinguished. 

Two-position When set to ENABLE, the B HALT L line 
toggle switch to the processor is not asserted and the 
processor is in the run-enable mode 
(RUN indicator is illuminated only when 
. the processor is executing a program). 

When set to HALT, the B HALT L line is 
asserted. The processor halts program 
execution and executes consble ODT 
microcode. The RUN indicator is extin- 
guished. 

Two-position When set to ON, enables KPVll-A gen- 
toggle switch eration of LTC interrupts. 

When set to OFF, disables LTC interrupts 
(W14 must be installed). 



* When used in conjunction with the KPVll-A. 
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CONSOIE 

SIGNAL/K)VVEIt CAaU 
{RH70-08612) 





aSNSCXE WNEL 



REMOTE SJGNAL CABU 
TO ISI-H SVSTEM BACKPLANE 
(P.N 70-1275*HW-CONO) 



PVll-A 




Figure 6 Console Panel, and Interconnection Cables 



SPECIFICATION 
Environmental 
Operating temperature*: 

Relative humidity: 



5°C to 50'C (40'F to 122"'F) 
10% to 95% (no condensation) 



* When operating at the maximum temperature (50°C or 122''F), air flow 
must maintain the inlet to outlet air temperature rise across the module 
to 7°C (12.5°F) maximum. 

Electrical 

Power requirements: 

AC line voltage 
monitor input: 

DC operating power: 
Options 

Model/ Part No. 

54-11808 
' 70-11656 
70-12754-2F 
70-08612-4 A 



24 Vac with grounded center tap ±10%, 200 mA 
+5 V ±5%, 560 mA 



Description 

Console panel (PC assembly) 
Console bezel , 
Remote signal cable 
Console signal/power cable 
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Power Signal Sequence Timing 



i 



•— 70nit(MIN>-»{ 



■i f- 



■i h 



—J{ 0 -10 im !•— 



— »| 2-6m» \» — 



POWER SUPPLY 
DC OUTPUT 
VOLTAGES 



r-i h 



— ^ I^IO^f(MIN) 



Figure 7 Power Signal Sequence Timing 





Figure 8 Remote Console (Jl) 
and Backplane Sequel (J2) Connectors 
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KPVll-B POWER FAIL/ LINE 

TIME CLOCK 
GENERATOR/TERMINATOR 




Length: Extended 
Height:. Double 
Width: Single 

DESCRIPTION 

The KPVll-B, Module (M8016-YB) is identical to the KPVll-A except that 
the — B includes 120n (nominal) bus termination resistors. Bus terminations 
are used when expanding the bus beyond the minimum system configuration 
(a single H9270 Backplane). Having the termination resistors on this module 
ratheir than on a separate one optimizes use of bus slots, saving valuable 
space. ' 

Note that in order to use the bus-termination feature, this option must be 
installed in the backplane. Mounting the module off the backplane leaveis 
the termination resistors out of the circuit. 
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DESIGNERS KITS 
FOR CUSTOM INTERFACES 




DCKll-AC CHIPKIT includes 6 LSI IC chips, a wire wrappable board, 
and an interface cable. 



LSI-11 



CHIP KITS 



The DCKll series of proprietary LSI integrated circuits, developed by DIGITAL 
for its own use, is now available to LSI-11 users. These ICs, available in sets 
called CHIPKITS, make design of LSI-11 bus interfaces easier than ever. Prior 
to these kits, a designer of custom LSI-11 program control or Direct Memory 
Access (DMA) interfaces tiad two alternatives: modify a standard product oi:, 
design from scratch. Now there is a third choice that will be the best in most 4 
cases — ^the CHIPKIT. The kits contain the ICs needed to build the foundation 
of nearly any LSI-11 interface, and are available either with or without a 
DIGITAL wire wrappable board and plug-in cable. For volume users, the indi- 
vidual iCs are available in tubes of 18 of one type. < 

The CHIPKITS minimize the chip count required to implement bus circuitry. 
This permits the designer to build an interface foundation on the double- 
height wire wrappable board provided, and still have ample room left for his 
special circuitry. The comparatively small chip count results in backplane 
space savings, increased system reliability, lower system cost, and a greater 
opportunity for value to be added by the CHIPKIT customer to the finished 
product. 

The CHIPKITS in this program are: 
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DCKll-AC Designers Program Control Bus Interface CHIPKIT, consisting 
of: 

1 DC003 Interrupt Chip 
1 DC004 Protocol Chip 

4 DC005 Transceiver/ Address Decoder/Vector Select Chips 
1 W9512 Double-height, extended-length, wire wrappable 
module 

1 BC07D-10 ten-foot, 40-conductor plug-in cable 

DCK},1:AA Program Control Bus Interface CHIPKIT, consisting of the six 
chips of the above DCKll-AC, but no module or cable. 



These kits are ideal for building the foundations of program control bus inter- 
faces to the LSI-11. They are functionally similar to the DRVll-P Bus Founda- 
tion Module, an assembled, ready-to-use option described elsewhere in this 
handbook. 

DCKll-AD Designers DMA Bus Interface CHIPKIT, consisting of: 
1 DC003 Interrupt Chip 

1 DC004 Protocol Chip 

4 DC005 Transceiver/ Address Decoder/ Vector Select Chips 

2 DC006 Word Count/ Bus Address Chip? 

1 DCOlO DMA Control Chip \ 
1 . W9512 Double-height, extended-length, wire wrappable 
module 

1 BC07D-10 ten-foot, 40-conductor plug-in cable 

DCKll-AB DMA Bus Interface CHIPKIT, consisting of the nine chips of the 
above DCKll-AD, but no module or cable. 

These kits are ideal for building the foundations of DMA bus interfaces to the 
LSI-11. They are functionally. similar to the DRVll-B General Purpose DMA 
Interface Module, an assembled, ready-to-use option described elsewhere in 
this handbook. 

IMPORTANT NOTE ON DMA CHIPKITS 

The two DMA Bus Interface CHIPKITS, DCKll- 
AB and DCKll-AD, are new products being de- 
veloped by DIGITAL, and are undergoing final 
applications testing and review as of the publi- 
cation date of this handbook — ^July, 1978. Pro- 
* duction quantities are expected about October, 

1978. If you have a serious interest in using 
these CHIPKITS, contact us for the latest word 
on availability. Write DIGITAL, Logic Products 
Sales Support, MK 1-2/E13, Merrimack, NH 
03054, or call us at the telephone number below. 



Detailed specifications of the CHIPKIT components, together with applica- 
tions suggestions, are in the CHIPKIT Preliminary Applications Note which 
follows. 

Additional Information 

To learn more about CHIPKIT applications, pricing, etc., call DIGITAL'S toll- 
free Hot Une, 8:30 AM to 5.00 PM Eastern time: 800-258-1710. From New 
Hampshire locations, or places outside the continental United States, call 
Merrimack, 603-884-6660. 
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CHIPKIT APPLICATIONS NOTE 
(PRELIMINARY) . 



This Applications Note contains desciptions, specifications, and circuit dia- 
grams for the five integrated circuits available in CHIPKITS for use in LSI-11 
bus interfaces. The bus receiver and bus driver chips usually used with the 
LSI-11 are also covered, and the W9512 wire wrappable module included with 
the designers kits is described. 

Bus Receivers and Bus Drivers 

The equivalent circuits of LSI-11 bus-compatible drivers and receivers are 
shown in Figure 1. To perform the receiver and driver functions, DIGITAL 
Equipment Corporation uses two monolithic integrated circuits with the char- 
acteristics listed in Table 1. A typical bus driver circuit is shown in Figure 2. 
Note that 8641 quad transceivers can be used, combining LSI-11 bus receiver 
and driver functions in a single package. Bus receiver (8640), bus driver 
, (8881). and bus transceivers (8641) are shown in Figures 3, 4, and 5, re- 
spectively. IC 8640 is listed in this handbook as Type 956, and IC 8881 is 
listed as Type 957. 



LSi-11 



CHIPKITS 



OUT- *- 

1 TRANSMITTER OFF (LOGICAL 0) 
R3 R3 = 120K.MIN 
C2 = 10pF.MAX 
_ TRANSMITTER ON (LOGICAL 1) 

R3 = 1 1 OHMS. MAX 
C2 ' 10 pF. MAX 

•MR 1110 

/ 

Figure 1 Bus Driver and Receiver Equivalent Circuits 



♦ 5V 




TYPICAL BUS DRIVER 

11-3307 



Figure 2 Typical Bus Driver Circuit 
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+ 3*V 

R1 = 120K.MIN 
^R1 R2-20K. MIN 
Cl = lOpF MAX 

(R2 



10 



n n n n n n n 




Figure 3 8640 Quad 2-lnput NOR Gates 
(Bus Receiver) 



14 13 12 11 10 

n n n n n n n 



u u u u u u u 

2 3 4 5 6 7 
GND 



Figure 4 8881 Quad 2-lnput NAND Gate 
(Bus Driver) 



BUS 1 
DATA IN ^ 
DATA OUT 1 
BUS 2 
DATA IN 2-5- 
DATA OUT 2— §■ 

ENABLE A — 
8 



GROUNC 



-Vcc 
-BUS 4 
-DATA IN 4 
-DATA OUT 4 
-BUS 3 
-DATA IN 3 
-DATA OUT 3 
-ENABLE B 



ENABLE A 
ENABLE B 



7 , ^ DATA IN \-U v- hv^3 



ONE OF FOUR 



Figures 8641 Quad Unified Bus Transceiver 
(Bus Receiver/Driver) 
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Table 1 LSI-11 Bus Driver, Receiver, Transceiver 

Characteristics 



Device 


Characteristic 


Sym 


Specifications 


Notes 




Innut hioh voltaos 


'In 


1.7 V min 


1 


(8640) 


Input low voitaQe 


V|L 


1 .3 V max 




(8641) 


Innut currfint at 3 8 V 


liu 
'in 




1.3 




Input current at 0 V 


III 
'IL 


1 0 /itA max 


1^3 




OutDut hicih voltaoa 


'On 


2.4 V min 


2 




' Output high current - 


\jn 


(16 TTL loads) 


2.3 




Output low voltage 


Vrti 


0.4 V max 


2 




Output low current 


'UL 


(1 6 TTL loads) 


2. 3 




Pronanatinn dalav to 


XfDH 


1 0 ns min 

1 V 1 19 1 1 III 1 


4, 5 




high state 


35 ns max 




1, 


Prnnttnsttinn HaIav tn 


TPDL 


1 0 nQ mi n 


1 (> 

1 r W 




low State > 




35 ns max 




D ri v6 r 


Innut hinh x/nltAOA 


■ Viu 
*IH 


? n V min 

fc.W V 1 1 11 1 1 




(8881) ' 


Input low voltage 


Vii 


0.8 V max 




(8641) 


Innut hinh f^iirrpnt 


'In 


W fJtr^ II to A 


g 




Input low current 


III 
'IL 


—2.0 mA max 


6 




Output low voltage 


Vol 


0.8 V max 


1 




70 mA sink 








Output high leakage 


'oh 


25 /xA max 


1.3 




current at 3.5 V 










Propagation delay to 


TPDL 


25 ns nnax 


1.5 




low state 










Propagation delay to 


TPDH 


35 ns max 


1.5 




high state 









• 

NOTES 

1 . This is a critical parameter for use on the I/O bus. 
All other parameters are shown for reference only. 

2. This is equivalent to being capable of driving 16 
unit loads of standard 7400 series TTL integrated 
circuits. 

3. Current flow is defined as positive if into the termi- 
nal. 

4. Conditions of load are 390 fi to +5 V and 1 .6 kfi 
in parallel with 1 5 pF to ground for tO ns min and 
50 pF for 35 ns max. 

5. Times are measured from 1 .5 V level on input to 
1 .5 V level on output. 

6. This is equivalent to 1 .25 standard TTL unit load- 
ing of input. 



Bus receivers and drivers should be well grounded and use Vqc to 
ground bypass capacitors. These gates should be located as close as 
practical to the module fingers which plug into the backplane and all 
etch runs to the bus should be kept as short as possible. Attention to 
these cautions should yield a oiodule design with minimum bus loading 
(capacitance). 
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Brief Specifications of CHIPKIT Integrated Circuits 

Absolute Maximum Ratings: 

Supply Voltage (Vcc) +7V 

Operating Temp. (Ta) +32"? to +158''F (OX to +70''C) 
Storage Temp. (Ts) -75» to +257°F (-60°C to +125 °C) 

Recommended Operating Conditions: 

Supply Voltage (Vcc) 4.75V (Min), 5.0V (Norm), 5.25V (Max) 
Supply Current (Vcc) DC003: 140 mA (Max) 

DC004, DC005: 120 mA (Max) 
DC006: 160 mA (Max) 
DCOlO: 160 mA (Max) 
+32''F to +158T (O-C to H-70°C) 
10% to 95%, noncondensing 

0:3" center 
0.3" center 
0.3" center 
0.3" center 
0.3" center 

Double height, extended length, single width. 

10', 40-conductor ribbon cable, with 40-pin (female) 
mating connector (H856) installed on one end only; 
prestripped on other end. 

Detailed specifications, circuit diagrams, pin/signal descriptions, and timing 
diagrams for each 10 follow in this Application Note. 



Free Air Temperature 
Relative Humidity 

Physical Dimensions: 

DC003, 18-pin 
DC004, 20-pin . 
DC005, 20-pin 
DC006, 20- pin 
DCOlO, 20-pin 
W9512 Wire 
Wrappabfe Module 
BC07D-10 Cable 
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DC003 Intorrupt Logic 

The interrupt chip is an 1 8-pin. 0.762 cm center X 2.349 cm long (max) 
(0.3 in center X 0.925 in long) dual-in-ltne-package (DIP) device that 
provides the circuits to perform an interrupt transaction in a computer 
system that uses a daisy-chain type of arbitration scheme. The device is 
used in peripheral interfaces to provide two interrupt channels labeled 
"A" and "B," with the A section at a higher priority than the B section. 
Bus signals use high-impedance input circuits or high-current open col- 
lector outputs, which allow the device to directly attach to the computer 
system bus. Maximum current required from the Vcc supply is 140 mA. 



Figure 6 is a simplified logic diagram of the DC003 IC. Figure 7 
shows the timing for the "A" interrupt section, while Figure 8 shows 
the timing for both "A" and "8" interrupt sections. Table 2 describes 
the signals and pins of the DC003 by pin and signal name. 



DC004 Protocol Logic 

The protocol chip is in a 20-pin, 0.7^2 cm center X 2.74 cm long (0.3 in 
center X 1.08 in long) DIP device that functions as a register selector, 
providing the signals to control data flow into and out of up to four word 
registers (eight bytes). Bus signals can directly attach to the device be- 
cause receivers and drivers are provided on the chip. An RC delay circuit 
is provided to slow the response of the peripheral interface to data trans- 
fer requests. The circuit is designed such that if tight tolerance is not 
required, then only "an external ^K ± 20 percent resistor is necessary. 
External RCs can be added to vary the delay. Maximum current required 
from the Vcc supply is 1 20 mA. 



Figure 9 is a simplified logic diagram of the DC004 IC. Signal timing 
with respect to different toads is shown in Table 3 and in Figure 1 0. 
Figure 11 shows the loading for the test conditions in Table 3. Sig- 
nal and pin definitions for the DC004 are pfesented in Table 4. 



DC005 Transceiver Logic 

The 4-bit transceiver is a 20-pin, 0.762 cm center X 2.74 cm long (0.3 
in center X 1.08 in long) DIP. low-power Schottky device; its primary 
use is in peripheral device interfaces to function as a bidirectional buffer 
between a data bus and peripheral device logic bus. It also includes a 
comparison circuit for device address selection and a constant generator 
for interrupt vector address generation. The bus I/O port provides high- 
impedance inputs and high-drive (70 mA) open collector outputs to 
allow direct connection to a computer data bus structure. On the periph- 
eral device side, a bidirectional part is also provided, with standard TTL 
inputs and 20 mA, tri-state drivers. Data on this port is the logical in- 
version of the data on the bus side. 



170 



▼ 



vcc 

i 



>C 0 



>c o 

CLR 



ENBOATA H ■ 



H>-o 



SET 
D t 



>C 0 
CLR 



-=D- 



;=!>- 



>C 0 



VCC 

:iK 



VECTOR HCl 18 3 VCC 

VECRQSTB H C 2 17 3 ROSTA H 

BDINLC3 I6 3ENASTH 

INITO L C 4 15 3ENA0ATA H 

81 NIT L C 5 14 3ENACLK H 

BIAKO L C 6 13 3 ENBCLK H 

BIAKILC7 12 3 ENBOATA H 

BIRO LC 8 II 3ENBSTH 

GN0C9 t0 3R0STBH ■ 



ENBST H 



Figure 6 DC003 Simplified Logic Diagram 
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NOTE : 
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Figure 7 DC003 "A" Interrupt Section Timing Diagram 



Table 2 DC003 Pin/Signal Descriptions 



Pin Signal 



Group Description 



1 VECTOR H 



VEC RQSTB H 



I Interrupt Vector Gating. This signal should 
be used to gate the appropriate vector ad- 
dress onto the bus and to form the bus 
signal called BRPLY L. 

I Vector Request "B." When asserted, in- 
dicates RQST "B" service vector address 
is required. When unasserted, indicates 
RQST "A" service vector address is re- 
quired. VECTOR H is the gating signal for 
the entire vector address: VEC RQST B H 
is normally bit 2 of the vector address. 



BDIN L 



III Bus Data In. This signal, generated by the 
processor BDIN, always precedes a BIAK 
signal. 
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Table 2 DC003 Pin/Signal Oascriptions (Cont) 
Pin Signal Group Description 



4 INITO L I Initialize Out. This is the buffered BINIT L 

signal used in !he device interface for gen- 
eral initialization. 

5 BINIT L III Bus Initialize. When asserted, this signal 

brings all driven lines to their unasserted 
state (except INITO L). 

6 BIAKO L II Bus Interrupt Acknowledge (Out). This 

signal is the daisy-chained signal that is 
passed by all devices not requesting inter- 
rupt service (see BIAKI L). Once passed 
by a device, it must remain passed until a 
new BIAKI L is generated. 

7 BIAKI L III Bus Interrupt Acknowledge (In). This sig- 
nal is the processor's response to BIRQ L 
true. This signal is daisy-chained such that 
the first requesting device blocks the sig- 
nal propagation while non-requesting de- 
vices pass the signal on as BIAKO L to the 
next device in the chain. The leading edge 
of BIAKI L causes BIRQ L to be unas- 
serted by the reguestina device. 

Asynchronous Bus Interrupt Request. This 
signal is from a device needing interrupt 
service. The request is generated by a 
false to trup transition of the RQST signal 
along with the associated true interrupt 
enable signal. The request is removed af- 
ter the acceptai^ce of the BDIN L signal 
and on the leading edge of the BIAKI L 
signal or the removal of the associated in- 
terrupt enable or the removal of the assor 
ciated request signal. 

Device Interrupt Request. When-asserted 
with the enable "A" flip-flop asserted, will 
cause the assertion of BIRQ L on the bus. 
This signal line normally remains asserted 
until the request is serviced. 

Interrupt Enable "A" Status. This signal 
indicates the state of the interrupt enable 
"A " internal flip-flop which is controlled 
by the signal line ENA DATA H and the 
ENA CLK H clock line. 



BIRQ L 



10 REQSTB H HI 
17 ' REQSTA H III 



1 1 ENB ST H I 
16 ENA ST H I 
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Table 2 DC003 Pin/Signal Description* (Cont) 



Pin Signal 



Group Oescription 



12 
15 



13 
14 



ENB DATAH 
ENA DATA H 



ENBCLKH 
ENA CLK H 



I Interrupt Enable "A" Data. The level on 
I this line, in conjunction with the ENA CLK 
H signal, determines the state of the inter- 
nal interrupt enable "A" flip-flop. The out- 
put of this flip>fiop is monitored by the 
ENA ST H signal. 

I Interrupt Enable "A" Clock. When as- 
I serted (on the positive edge), interrupt en- 
able "A" flip-flop assumes the state of the 
ENA DATA H signal line. 



ENA DATA H 

ENA CLK H 

eNA ST H 
ROSTA H 

eoiN L 



VECROSTB H 



r [ 



ENB CLK M 10 MIN —J p -~] 



I — w j < — 



»5-6S — »i — J •—20-90 
1 1 


1 
1 








■ 1 1 




1 

30 MIN ti |« j. 








1 . 




1 




_J L 

f 

! 1 
1 t 


1 


35 MIN — |«~ 1 35 MIN — »! «^ | 



<0-«5!»«| !»«|«>-4S «0-4s|m| jM|lO-4S 



IS-65 W -j !« » |lS-68 



NOTE: 

TimM m% in nonosMontft 



Figure 8 DC003 "A" and "B" Interrupt Sections 
Timing Diagrams 
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Table 3 DC004 Signal Timing vs Output Loading 



With 
Respect 



Output Being Output Being 
Asserted (ns) Negated (ns) Fig. 1 0 





Signal to 


Signal , 


Min 


Max 


Min 


Max 


Reference 




BEL (0.2,4.6) L 
(Load B) 


BSYNC L 
(Load B) 


15 


40 


5 


30 


T5,T6 




OUTLB L 
(Load B) 


BDOUT L 
(Load B) 


5 


30 


5 


30 


T9,T10 




OUTHB L 
(Load B) 


DBOUT L 
(Load B) 


5 


30 


5 


20 


T9.T10 




INWD L^ 
(Load A) 


BDIN L 
(Load B) 


5 


30 


5 


30 


T11,T12 


Pin 18 
Connection 
RX = 1 K ± 5% 
330 Q ± 5% 
15 pF ± 5% 


BRPLY L 
(Load A) 

BRPLY L 
(Load A) 

BRPLY L 

(Load A) 


OUTLB L 
(Load B) 

OUTHB L 
(Load B) 

INWD L 
(Load B) 


20 
20 
20 


60 
60 
60 


-10 
-10 ^ 
-10 


45 
45 
45 


T13,T14 
T13,T14 
T13.T14 




BRPLY L 
(Load A) 


VECTOR H 


30 


70 


0 


45 


T13,T14 





Table 3 DC004 Signal Timing vs Output Loading (Cont) 



Signal 



With 
Respect 
to 



Signal 



Output Being Output Being 
Asserted (ns) Negated (ns) Fig. 10 
Min Max IVlin Max Reference 



Pin 18 

Connection 

RX = 4.64K ± 1% 



BRPLY L 

(JLoad A) 

BRPLY L 
(Load A) 



CX = 220 pF ± 1% BRPLY L 
(Load A) 

BRPLY L 
(Load A) 



RXCXH 
RXCXH 



Pin 18 
Connection 
RX = 330 ± 5% 
C = 15 pF ± 5% RXCXH 

RXCX H 



OUTLB L 
(Load B) 


300 


400 


-10 


45 


T13.T14^ 


OUTHB L 

(Load B) 


300 


400 


-10 


45 


T13, T14 


INWD L 
(Load B) 


300 


400 


-10 


- 45 


T13. T14 


VECTOR H 


330 


430 


0 


45 


T13, T14 


OUTLB L 


10 


50 


10 


50 


T15,T16 


OUTHB L 


10 


50 


10 


50 


T15,T16 


INWD L^ 


10 


50 


10 


50 


T1 5. T1 6 


VECTOR H 


10 


50 


10 


50 


T15. T16 



Table 4 PC004 Pin/Signai Descriptions 



Pin Signal Group Description 



1 



VECTOR H I Vector. This input causes BR PLY L to be 
generated through the delay circuit. Inde- 
pendent of BSYNC L and ENB H. 



BDAL2 L 
BDAL1 L 
BDALO L 



BWTBT L 



BSYNC L 



BDIN L 



li Bus Data Address Lines. These signals are 
II latched at the assert edge of BSYNC L. 
II Lines 2 and 1 are decoded for the select 
outputs: line 0 is used for byte selection. 

II Bus Write/Byte. While the BDOUT L input 
is asserted, this signal indicates a byte or 
word operation: Asserted = byte, unas- 
serted = word. Decoded with BDOUT L 
and latched BDALO L to form OUTLB L 
and OUTHB L. 

II Bus Synchronize. At the assert edge of 
this signal, address information is trapped 
in four latches. While unasserted, disables 
ail outputs except the vector term of 
BRPLY L. 

J I Bus Data In. This is a strobing signal to 
effect a data input transaction. Generates 
INWD L and BRPLY L through the delay 
circuit and INWD L. 



11 



A 2 
13 



BRPLY L 



BDOUT L 



INWD L 



OUTLBJ. 
OUTHB L 



III Bus Reply. This signal is generated 
through an RC delay by VECTOR H, and 
strobed by BDIN L or BDOUT L, and 
BSYNC L and latched ENB H. 

II Bus Data Out. This is a strobing signal to 
effect a data output transaction. Decoded 
with BWTBT L and BDALO to form 
OUTLB L and OUTHB L. Generates 
BRPLY L through the delay circuit. 

-\| In Word Used to gate (read) data from a 
selected register onto the data bus. En- 
abled by BSYNC L and strobed by BDIN L. 

I Out Low Byte. Out High Byte. Used to 
I load (write) data into the lower, higher, or 
both bytes of a selected register. Enabled 
by BSYNC L and decode of BWTBT L and 
latched BDALO L. and strobed by BDOUT 
L . , C 
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Table 4 DC004 Pin/Signal Descriptions (Cont) 
Pin Signal Group Description 

14 SELO L I Select Lines. One of these four signals is 

1 5 SEL2 L I true as a function of BDAL2 L and BDAL1 

16 SEL4 L I L if ENB H is asserted at the assert edge 

1 7 SEL6 L I of BSYNC L. They indicate that a word 

register has been selected for a data 
transaction. These signals never become 
asserted except at the assertion of BSYNC 
L (then only if ENB H is asserted at that 
time) and once asserted, are no,t unas- 
serted until BSYNC L becomes unas- 
V. serted. 

18 RXCX ill External Resistor Capacitor Node. This 

node is provided to vary the delay be- 
tween the BDIN L, BDOUT L, and VEC- 
TOR H inputs and BR PLY L output. The 
external resistor should be tied to Vcc and 
the capacitor to ground. As an output, it is 
the logical inversion of BRPLY L. 

19 ENB H I Enable. This signal is latched at the as- 

serted edge of BSYNC L and is used to 
enable the select outputs and the address 
term of BRPLY L 




Figure 9 DC004^Simpiified Logic Diagram 
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MI W 1 1 



SEL (0,2.4,6) L 



OUTHB L ■ 
OUTLB L 



^ 15 MIW.— l*! ^ 



■4 V- 



* TIME REQUIRED TO DISCHARGE R,C, FROM ANY CONDITION ASSERTED • 190 n* 

NOTE : 

TImw or* In nonoMcond* 



Figure 1 0 DC004 Timing Diagram 



FROM y 



OUTPUT 



Vcc 

■son 



Vcc 



FROM 
OUTPUT 



:±;200pF 



; ispF 



OfOOE- 
FD777 



LOAD A 



LOAD B 



Figure 1 1 DC004 Loading Configurations for Table 5 
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Three address "jumper" inputs are used to compare against three bu& 
Inputs to generate the signal MATCH. The MATCH output is open col- 
lector, which allows the output of several transceivers to be wire-ANDed 
to form a composite address match signal. The address jumpers can also 
be put into a third logical state that disables jumpers for "don't care" 
address bits. In addition to the three address jumper inputs, a fourth 
high-impedance input line is used to enable/disable the MATCH output. 



Three vector jumper Inputs are used to generate a. constant that can be 
passed to the computer bus. The three inputs directly drive three of the 
bus lines, overriding the action of -the control lines. 



Two control signals are decoded to give three optional states: receive 
data, transmit data* and disable. 



Maximum current required from the Vcc supply is 120 mA. 



Figure 1 2 is a simplified logic diagram of the DC005 IC. Timing for the 
various functions is shown in Figure 5-13. Signal and pin definitions for 
the dCOOS are presented in Table 5-5. 





Table 5 


DCOOS Pin/Signal Descriptions < 


Pin 


Signal 


Group Description 




BUS(3:0) L 






12 


BUSO 


II 


Bus Data. This set of four lines constitutes 


11 


BUS1 


11 


the bus side of the transceiver. Open col- 


9 


BUS2 


II 


lector outputs; high-impedance inputs. 


8 


BUS3 


li 


Low =1. - 




DAT(3:0) H 






18 


DATO 


1 


Peripheral Device Data. These four tri- 


17 


DAT1 


1 


state lines carry the inverted received c{ata 


7 


DAT2 


1 


from BUS (3:0) when the transceiver is in 


6 


DAT3 


1 


the receive mode. When in transmit data 



mode, the data carried on these lines is 
passed inverted to BUS (3:0). When in the 
disabled mode, these lines go open (Ht-Z). 
High = 1. 
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Table 5 DC005 Pin/Signal Descriptions (Cont) 



Pin Signal Group Description 



JV(3:1) H Vector Jumpers. These inputs, with inter- 

14 JVl V nal pull-down resistors, directly drive BUS 

1 5 JV2 V {3: 1 ). A low or open on the jumper pin will 

16 JV3 V cause an open condition on the corre- 

sponding bus pin if XMIT H is low. A high 
'will cause a one (low) to be transmitted on 
the bus pin. Note that BUSO L is not con- 
trolled by any jumper input. 



13 MENB L 



Match Enable. A low on this line will en- 
able the Match output. A high will force 
Match low. overriding the match circuit. 



MATCH H III Address Match. When BUS (3:1) match 
with the state of JA (3: 1 ) and MENB L is 
low. this output is open; otherwise it is 
low. 





JA(3:1) L 




1 


JA1 L 


IV 


2 


JA2 L 


IV 


19 


JA3 L 


IV 



Address Jumpers. A strap to ground on 
these inputs will allow a match to occur 
with a one (low) on the corresponding 
BUS line; an open will allow a match with 
a zero (high); a strap to Vcc will dis- 
connect th^ corresponding address bit 
from the co|nparisoh. 



XMITH 
REC H 



Control Inputs. These lines control the op- 
eration of the transceivef as follows. 



REC 

0 



• 1 
1 



XMIT 

0 



DISABLE: BUS. DAT open 
XMIT DATA: DAT -» BUS 
RECEIVE: BUS-* DAT 
RECEIVE: BUS^-* DAT 



To avoid tri -state signal overlap condi< 
tions, an internal circuit delays the change 
of modes between XMIT DATA and RE- 
CEIVE mode and delays tri-state drivers 
on the DAT lines from enabling. This ac- 
tion Is independent of the DISABLE mode. 
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JA1 L 1 . 

JA2L 3- 
MATCHH 3- 

REC H 4 _ 

XMIT H S- 

0AT3H 6- 

OAT2 H 7- 

BUS3 L 8 - 

BUS2L .9- 

6ND 10- _ 




IC-OCOOS 



- 20 Vce 

- 19 JA3 L 

- 18 DATO H 

- 17 0AT1 H 
-16 JV3 H 

IS JV2 H 

- 14 JV1 H 
- 13 MENB L 

12 BUSO L . 

- 11 8US1 L 



Figure 12 DC005 Simplied Logic Diagram 
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TRANSMIT DATA TO BUS 



REC H (GROUND) 
BUS L-OOfPOT 
OAT H- INPUT 



-»j («-5T0S0m 



n 



RECEIVE DATA FROM BUS (BUS INITIALLY HIGH) 



XMIT H (CROUNOI 
REC H 
DAT H- OUTPUT 
BUS L- INPUT 



^ 1^ O TO 30i>» -»| O TO SOiit 

J— I . 

1^ 8 TO 30ni 



XMiT H (GROUND) 
REC H 
OAT H - OUTPUT 
BUS L- INPUT 



RECEIVE DATA FROM BUS (BUS INITIALLY LOW) 



-»\ 0 TO 30n« 



-•j a-BT0 30n 



-«j |«-0T0 30n> 

r ' 



VECTOR TRANSFER TO BUS 





|«- 20 nt MAX 




ZOnt MAX 


BUS L- OUTPUT 




1 







BUS t - INPUT 
MATCH H 
MENQ.L 



ADDRESS DECODING 



-»j U- 10 TO AOm 

> P 



*- 10 TO 40ni 



OAT (3:0) H (OUTPUT) 
HZ 



RECEIVE MODE LOGIC DELAY 



Figure 13 DC005 Timing Diagram 
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DC006 Word Count/Bus Address Logic 

The word count/bus address (WC/BA) chip is a 20-pin, 0.762 cm center 
X 2.74 cm long (0.3 in center X 1.08 in long) DIP, low-power Schottky 
device. Its primary use is in DMA peripheral device interfaces. This IC is 
designed to connect to the tri-state side of the DC005 transceiver. The 
DC006 has two 8-bit binary up-counters. one for the word (byte) count 
and another for bus address. Two DC006 ICs may be cascaded to 
increase register implementation. 

The chip is controlled by the address latch protocol chip.(DC004), the 
DMA chip (DC010), and a minimum of ancillary logic. Both counters 
may be cleared simultaneously. Each counter is separately loaded by LD 
and the corresponding select line from the protocol chip. Each counter is 
incremented separately. The WC counter (word byte count) is always 
incremented by one; the A counter (bus address) may be incremented i3y 
one or two for byte or word addressing, respectively. 

Data from the DC006 iC is placed on the tri-state bus via internal tri- 
state drivers. Each counter is separately read by RD and the correspond- 
ing select line. 

Figure 14 is a block diagram of the DC006 IC while Figure 15 illus- 
trates a simplified logic diagram. Figures 16 and 17 illustrate input 
and output voltage waveforms: Figure 1 8 shows the timing diagram of 
the DC006 while the setup time and pulse width switching character- 
istics are presented in Tables 6 and 7. The DC006 pin/signal de- 
scription is presented in Table 8. 



Table 6 Setup Time and Pulse Width Switching Characteristics* 



Time 


Description 


Signal 


Min 


t3 


PtH^ width (min) 


S-CtoS-A 


50 ns 


t5 


Setup time 


D/F (7:0) to LD 


10 ns 


te 


Setup time 


S-CtoLD 


10 ns 


t7 


Pulse width (min) 


LD 


90 ns 


te 


Setup time 


S-C to RD 


20 ns 




Clock pulse width (min) 


CLK-C(HI) 


40 ns 


ti4 


Setup time 


S-C to S-A 


20 ns 


tl6 


Setup time 


S-A to RD 


10 ns 


tie 


Clock pulse width (min) 


CLK-A(HI) 


40 ns 


tl8 


Setup time 


CNTlAtoCLK-A 


45 ns 


t21 


Setup time 


RD to RD-A 


1 5 ns 


t24 


Clock off time (min) 


CLK-A.CLK-C 


40 ns 


t2S 


Data hold time 


LD to DATA IN 


20 ns 



•Vcc - 5.0 ± 0.25 V. 
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TRUTH TABLES 
WHERE L 



- TTL LOW 

= TTL HIGH 

= DON'T CARE 

= HIGH IMPEDANCE 

= HIGH TO LOW TRANSITION 

READ CONTROL 



INPUTS 


OUTPUTS 


LO 


- H 


S-A 


S-C 


D/F<7 0> 


RD-A 


RD 




L 


L 




CLEAR A&C AND READ C 




L 


L 




A<7:0> 




L 


H 




■ C<7 0> 




L 


H 




z' 




H 


X 




Z 


H 


L 


L 




CLEAR A&C AND READ A 


H 


L 


L 




A<7 0> 


H 


L 


H 




A<7 0> 


H 


L 


H 




A<7 0> 


H 


H 


L 




CLEAR A&C AND READ A 


H 


H 


L 




A<7 0> 


H 


H 


H 




A<7 0> 


H 


H 


H 


H 


A<7 0> 


WRITE CONTROL ' 




INPUTS 






RD ■ A = 


L, RD = H 


S-A 


S-C 


FUNCTION 


LD 








L 


L 


•ILLEGAL 






L 


H 


LOAD A<7.0> 




I 


H 


L 


LOAOC<7:0> 


X 


H 


H 


WC/BA NOT SELECTED 


H- 


L 


L 


CLEAR BOTH COUNTERS 


H 


L 


H 


LOADING DISABLED 




H 


H 


L 


LOADING DISABLED 



max-aC 
s AC 
clkaC 
rd-aC 

ROC 
CNT1A 

1 0/fC 

2 D/FC 
4 0/FC 

gndC 



C6 



13p 
12 



1 1 



0 Jvcc 
9 3 S-C 
8 3l0 
7 jMAX-C 
epCLKC 
5 □128D/F 
4P64 D/F 
32 D/F 

□ l6 D/F 

□ 8 D/F 



' ILLEGAL CONDITION BECAUSE A LOAD OPERATION AND A CLEAR 
OPERATION IS ATTEMPTED SIMULTANEOUSLY 



MAX A CLK-C 



'////////// Buy/////////^^^ 



CNT1A O- 
CLK A O 



LD O- 



S-A O 



HD-A O- 
RD O 



WRITE 

CONTROL 

LOGIC 



READ 

CONTROL 

LOGIC 



LOAD D/F<7 0> 

A COUNTER MAX 



CLEAR A<7Q> 

V 



LOAD D/F<70> 
CLK C COUNTER MAX 
CLEAR C<7 0> 




SEL MULTIPLEXER 



^^^^ J TRI-STATE DRIVER 


ENABLE 
DISABLE 


1 





WZZZZZZZZZZZZ& 



Figure 14 DC006 Truth Table, Logic Diagram, and 
Simplified Block Diagram ^ 
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T 
T 
T 
T 



SL009A 



- (DEtAY> ^ 



=0- 



T 



3> 



C CNT1A H ' 



C CLKA L 



A COUNTER 07 
8 BIT BINARY 
UP COUNTER 



I 1 



C COUNTER 
8 BIT BINARY 
UP COUNTER 99 



C CLKC L 



C6 H 
A6 H' 



LUUUilA 

— C J> M 

DF7 




C4 H 
A4 H. 





Cl H 
A1 H 




CO H 
AO H 



69/F H 



Figure' 1 5 DC006 Simplified Logic Diagram 



OUTPUT VOLTAGE 
WAVEFORM IN 
PHASE 



OUTPUT VOLTAGE 
WAVEFORM OUTOF- 
PHASE 



L-H |« 

H-L U 



H-L U- — 

-< 

L-H IM- 



PULSE CONDITIONS FOR DELAY MEASUREMENTS 



Figure 1 6 Input Voltage Waveform 




FROM OUTPUT 
OV UNDER TEST 



WAVEFORM 2 
(SEE NOTE 21 



VCC . 
tJOOfl 



r DIODE 
'FOTOO 



LOAD A - 
LOAD CIRCUIT FOR 
TRl-STATE OUTPUTS 



/ 

NOTES. 

1 WAVEFORM I IS FOR AN OUTPUT WITH INTERNAL CONDITIONS SUCH THAT THE 
OUTPUT IS LOW EXCEPT WHEN DISABLED BY THE OUTPUT CONTROL. 

2 WAVEFORM 2 IS FOR AN OUTPUT WITH INTERNAL CONDITIONS SUCH THAT THE 
OUTPUT IS HIGH EXCEPT WHEN DISABLED BY THE OUTPUT CONTROL. 



Figure 1 7 Outputs Voltage Waveforms (Tri-State) 
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Table 7 Switching Characteristics* 



Propagation 



Time 


Input Signal 
Name Polarity 


Output Signal 
Name Polarity 


TACt 

Conditions 


Delay (ns) 
Min Max 


t, 


S-C 
S-A 


H-L 
H-L 


D/F (7:0) 


X-L 


Load A 
RD-A=4V 
(C Counter) 


15 

,/ 


80 


U 


S-C 
S-A 


H-L 
H-L 


D/F(7:0) 


X-L 


Load A 
RD-A=4V 
(A Counter) 


15 
1 


80 


u \ 


RD 


L-H 


D/F (7:0) 


D/F (7:0)-Z 


Load A 


10 


30 


tg 


RD 


H-L 


D/F (7:0) 


Z-D/F(7:0) 


Load A 


34 


80 


tio 


CLK-C 


H-L 


D/F1 


L-H 


Load A 


18 


55 


tl2. 
tl9 


CLK-C 
CLK-A 


L-H 


MAX-C , 
MAX-A 


L-H 


Load B 


10 


30 



"Loads are presented in Figure 10. 



Table 7 Switching Characteristics* (Cont) 



Time 


Input Signal 
Name Polarity 


Output Signal 
Name Polarity 


Test 

Conditions 


Propagation 
Delay (ns) 
Min Max 


tl3 


CLK-C 


H-L 


MAX-C 


H-L 


Load B 


10 


30 


ti7 


CLK-A 


H-L 


D/F2 


L-H 


Load A 


18 


55 


t20 


CLK-A 


H-L ' 


MAX-A 


H-L 


Load B 


10 


30 


t22 


RD-A 


L-H 


D/F(7:0) 


Z-L 


Load A 


10 


30 










Z-H 


Load fii 


10 


30 


t23 


RD-A 


H-L 


D/F (7:0) 


L-Z 


Load A 


8 


25 










H-Z 


Load A 


8 


25 



* Loads are presented in Figure 10. 
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Table 8 DC006 Pin/Signal, Daacriptions 



Pin Signal Group Description 



6 CNT1A I Count A Counter by 1 (TTL Inputs. This 

signal controls the least significant bit of 
the A counter. When CNT1 A is low, the A 
counter increments by one. When high, 
the LSB is prevented from toggling, hence 
the counter increments by two. When two 
counters are cascaded, CNT1A on the 
high-order counter should be grounded. 

3 CLK-A I Clock A Counter (TTL Input). This clocic 

signal increments the A counter on its 
negative edge. The counter is incremented 
by one or two. depending on CNT1A. 
CNT1 A and LO must be stable while CLK- 
A is high. 

1 8 CLK-C I Clock C Counter (TTL Input). This clock 

signal increments the C counter by one on 
its negative edge. LD must be stable white 
CLK-C is high. 

2 S-A I Select A Counter (TTL Input). This signal 

allows the selection of the A counter ac- 
cording tQ/the truth tables (Figure 5-14). 

V 

19 S-C ' I Select C Counter (TTL 'Input). This signal 

allows the selection of the C counter ac- 
cording to the truth tables (Figure 5-14). 

4 RD-A I Read A Counter (TTL Input). This signal 

allows the selection of the A counter ac- 
cording to the truth tables (Figure 5-14). 

5 RD I Read (TTL Input). This signal allows the 

read operation to take place according to 
the truth tables (Figure 5-14). 

18 LD I Load (TTL Input). When this signal goes 

through a high-to-low transition, the load 
operation is allowed to take place accord- 
ing to the truth tables (Figure 5-14). No 
data changes permitted while LD is low. 
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Table 8 DC006 Pin/Signal Descriptions (Cont) 



Pin Signal 



Group Description 



7-9 D/F (7:0) 
11-15 



MAX-A 



17 



MAX-C 



I Data Bus (Bidirectional, Tri-State Out- 
puts/TTL Inputs). These eight bidirectional 
lines are used to carry data in and out of 
the selected counter. 

I Maximum A Count (TTL Output). This sig- 
nal is generated by ANDtn^ CLK-A and< 
the maximum count condition of counter 
A (count 376 when counting by 2 or 
count 377 when counting by 1). 

I Maximum C Count (TTL Output). This sig-, 
nal is generated by AN Ding CLK-C and 
the maximum count conditions of counter 
C (count 377). 
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Figure '1 8 DC006 Timing Diagram 
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DC010 Direct Memory Access Logic 

The direct memory access (DMA) chip is a 20-pin, 0.762 cm center X 
2.74 cm long (0.3 in center X 1.08 in long) DIP. low-power Schottky 
device foj: primary use in DMA peripheral device interfaces using the 
LSI-11 bus. 

This device provides the logic to perform the handshaking operations 
required to request and to gain control of the system bus. Once bus 
mastership has been established, the DC0 10 generates the required sig- 
nals to perform a DIN. DOUT, or DATIO transfer as specified by control 
lines to the chip. The DC010 iC has a control line that will allow multiple 
transfers or only four transfers to take place before giving up bus master- 
ship. 

Figure 19 is a simplified logic diagram of the DC010 IC. The logic 
symbols and truth table are pJ^sented in Figure 20 and the DC010 
voltage waveforms are shown in Figure 21 . Table 9 describes the 
signals and pins of the DC010 by pin and signal name. Figures 22 
through 25 show the timing for the DC010 while the setup time and 
pulse width specifications are listed in Table 1 0. The switching charac- 
teristics are presented in Table 11. * 
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Figure 19 DC010 Simplified Logic Diagram 
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Table 9 DC010 Pin/Signal Descriptions 



Pin Signal Group Description* 



1 


REQ H 1 


Request (TTL input). A high on this signal 
initiates the bus request transaction. A 
low allows the termination of bus master- 
ship to take place. 


13 


BDMGI L 


DMA Grant Input (Hi-Z Input). A low on 
this signal allows bus mastership to be es- 
tablished if a bus request was pending 
(REQ ~ high); otherwise, this signal is de- 
layed and output as BDMGO. 


16 


CNT 4 H 1 


Count Four (TTL Output). A high on this 
signal allows a maximum of four transfers 
to take place before giving up bus master- 
ship. A low disables this feature and an 
unlimited transfer will take place as long 
as REQ is high. If left open, this pin will 
assume a high state. 


14 


TMOUT H 1 


Time-Out (TTL Input/Open Collector Out- 
put). This I/O pin is low while SACK H is 
high. It goes into high impedance when 
SACK H is low. When driven low it pre- 
vents the assertion of BDMR; when 
driven high it allows the assertion of 
BDMR to take place if BDMR has been 
negated due to the 4-maximum transfer 
condition. An RC network may be used on 
this pin to delay the assertion of BDMR. 


3 


DATIN L 1 


Data In (TTL Input). This signal allows the 
selection of the type of transfers to take 
place according to the truth table (Figure 
5-20). 


2 


DATIO L 1 

! 


Data In/Out (TTL Input). This signal allows 
the selection of the type of transfer to take 
place according to the truth, table (Figure 
5-20). During a DATIO transfer, this sig- 
nal must be toggled in order to allow the 
completion of the output portion of the 
I/O transfer^ 

If left open, this pin will assume a high 
state. 



•Refer to Figures 22 through 25. 



Table 9 DC010 Pin/Signal Descriptions (Cent) 



Pin Signal Group Description* 



12 



RSYNC 



17 



15 



CLK L 



RPLY H 



19 



INIT L I 



11 



BDMR L I 



MASTER H I 



BDMGO L I 



Receive Synchronize (TTL Input). This sig- 
nal allows the device to become master 
according to the following relationship: 



RSYNC L 
MASTER 



RPLY L • SACK H 



Clocl( (TTL Input). This clock signal is used 
to generate all transfer timing sequences. 

y 

Reply (TTL Input). This signal is used to 
enable or disable the free clocic signal ac- 
cording to the truth table (Figure 5-20). 
This signal also allows the device to be- 
come master according to^he following 
relationship: 



RSYNC L • RPLY L 
MASTER 



SACK H 



Initialize (TTL Input). This signal is used to 
initialize the chip to the state where REQ 
is needed to start a bus request transac- 
tion. When INIT is low, the following sig- 
nals are negated;^ BDMRL, MASTER H. 
DATENL, ADRENL. SYNCH. DINH, 
DOUTH. 

DMA Request (Open Collector Output). A 
low on this signal indicates that the device 
is requesting bus mastership. This output 
may be tied directly to the bus. 

Master (TTL Output). A high on this signal 
indicates that the device has bus master- 
ship and a transfer sequence is in prog- 
ress. 

DMA Grant Output (Open Collector Out- 
put). This signal is the delayed version of 
BDMGI if no request is pending; other- 
wise, it is not asserted. This output may 
be tied directly to the bus. 



* Refer to Figures 22 through 25. 
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Table 9 


OC010 Pin/Signal Descriptions (Cont) 


Pin 


Signal 


Group Description* 


7 


TSYNC H 


1 Transmit Synchronize (TTL Output). Tliis 
signal is asserted by the device to indicate 
that a transfer is in progress. 


18 


DATEN .L 

r 


1 Data Enable (TTL Output). This signal is 
asserted to indicate that data may be 
placed on the bus. 


4 


ADREN H 


1 Address Enable (TTL Output). This signal 
is asserted to indicate that an address 
may be placed on the bus. 


6 


DIN H 


i Data In (TTL Output). This signal is as- 
serted to indicate that the biis master de- 
vice is ready to accept data. 


5 


DOUT H 


1 Data Out (TTL Output). This signal is as- 
serted to indicate that the bus master de- 
vice has output valid data. 



'Refer to Figures 22 through 25. 



Table 10 Setup Time and Pulse Width 
Switching Characteristics* 



Time 


Description 


Signal 


Min Max 


ti 


Pulse width (min) 


INIT 


35 ns 


t4 


Setup time 


INITto REQ. 


25 ns 


te 


Setup time 


BDMR to BDMGI 


35 ns 


tg 


Setup time 


BDMR to BDMGI 


0 ns 


tl2 


Pulse width (min) 


CLK (low) 


60 ns 


tl3 


Pulse width (min) 


CLK (high) 


60 ns 


tu 


Setup time 


REQ to CLK 


35 ns 


tie 


Setup time 


DIN to RPLY 


0 ns 


t22 . 


Setup time 


DATIN. DATIO to CLK 


60 ns 


t24- 


Setup time ~ 


RPLY to CLK 


30 ns 


t28 


Setup time 


RPLY to DATIO 


35 ns 


tag 


Pulse width 


DATIO 


30 ns 1 clock 


t30^ 


Setup time 




period 




DATIO to CLK 


65 ns 


t32 . 


Pulse width (min) 


REQ 


35 ns 



•Vcc = 5.0 ± 0.25 V 
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Figure 20 OC010 Logic Symbol/Truth Table 




Figure 21 0C010 Voltage Waveforms 
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DC010 Tinning Diagram, DMA Request/Grant 
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Figure 23 DC010 Timing Diagram (Sheet 1 of 2) 
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Figure 23 DC010 Timing Diagram (Sheet 2 of 2) 
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Figure 24 DC010 Timing Diagram (DATIO-Multiple Transfer) 
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Figure 25 DC010 Timing Diagram (Time-Out) 
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Table 1 1 Switching Characteristics 



Propagation 

Input Signal • Output Signal Delay (ns) 



Time 


raame 


roiarixy 


Name 


roiariiy 


^onaiiions 


ivlin 


IVlaX 




BDMGI 


H-L 


BDMGO 


H-L 


Load A 


95 


220 




BDMGI 
REQ 


L-H 


BDMGO 


L-H 


Load A 


20 


60 


ts 


L-H 


BDM^ 


H-L 


Load A 


25 


70 


t7 


BDMGI 


H-L 


TMOUT 


H-L 


Load A 


85 


230 


ts 


BDMGI 


H-L 


BDMR 


L-H 


Load A 


117 


306 


tn* 


CLK 


H-L 


ADREN 


L-H , 


Load B 


15 


60 


tl5 


CLK 


H-L 


SYNC 


L-H 


Load B 


18 


60t 


tl6 


CLK 


H-L 


ADREN 


H-L 


Load B 


20 


65t 


tl7 


CLK 


H-L 


DIN . 


L-H 


Load B 


18 


60t 


t|9 


CLK 


H-L 


DIN 


H-L 


Load B 


18 


60 


t20 


CLK 


H-L 


SYNG\ 


H-L 


Load B 


18 


60 


t21 


CLK 


H-L 


TMOUT 


L-H 


Load B 


30 


90 


t23 


CLK 


H-L 


DOUT 


L-H 


Load B 


^60 


^ 175 


t25 


CLK 


H-L 


DOUT 


H-L 


Load B 


20 


65t 


t26 


CLK 


H-L 


DATEN 


H-L 


Load B 


.20 


65t 



Tn represents the first time ADREN is asserted, 
taa represents the subsequent times that ADREN is asserted. 

fThese propagation delays meet the following requirements. 

ti6-t,6 < 1 0 ns . t8is-t27 < 20 ns 

tis-tt7<10ns t t23-t2«<45n8 

tia-t2e < 10 ns ts-tse > 27 ns 



Table 1 1 Switching Characteristics (Cont) 



Propagation 

Input Signal Output Signal Test Delay (ns) 



Time 


Name 


Polarity 


Name 


Polarity 


Conditions 


Mill, 


Max 


t3» 


RPLY 


H-L 


DATEN 


H-L 


Load B 


20 


65 


t27^ 


CLK 


H-L 


DATEN 


L-H 


Load B 


20 


65t 


t33* 


CLK 


H-L 


ADREN 


L-H 


Load B 


18 


60 


hs 


TMOUT 


L-H 


BOMR 


H-L 


Load B 


20 


75 


t36 


BDMGI 


H-L 


MASTER 


L-H 


Load B 


90 


242 


t37 


CLK 


H-L ' 


MASTER 


H-L 


Load B 


IB 


66 


t38 


RSYNC 


H-L 


MASTER 


L-H 


Load 6 


10 


58 



or REPLY 



*tit represents the first time ADREN is asserted. 
t33 represents the subsequent times that ADREN is asserted. 

tThese propagation delays meet the following requirements. 
ti5-ti6<10ns ' t2s-t27<20ns 

ti5-ti7<10ns t23-t26<45ns 
ti6-t26 < 10 ns ts-tse > 27 ns 



Specifications 



DC003 Electrical Characteristics 



DC003 TTL (Non-Bus) lnt«rface 
(Specification Group I - TTL Input and Output Pins) 



Parameter 






Requirements 




Name 


Symbol 


Conditions^ 


Min 


Mex 


Unit 


High-level input 
voltage 


V|H 




2.0 




V 


Low-levei input 
voltage 


V|L 






0.8 


V 


Input clamp volt- 
age 


V| 


Vcc ~ 4-75 V 
i| = -18 mA 




^1.2 


V 


High-level output 
voltage 


VOH 


Vcc ~ 4 75 V 
Iq = -1 mA 


2.7 




V 


Low- level output 
voltage 


Vol 


Vcc - 4.75 V 
Iq = 20 mA 




0.5 


V 


Input current: at 
maximum input 
voltage 


•i 


Vcc = 5.25 V 
V| = 5.5 V 


- 


1 


mA 


High-level input 
current 


i|H 


Vcc = 5.25 V 
V| = 2.7 V» 




SO^ 




Low-levej input 
current 


'IL 


Vcc = 5.25 V 
V| = 0.5 V3 




-0.55 


mA 


Short-circuit out- 
put current 


'OS 


Vcc 

= 5.25 V*>5 


-40 


-100 


mA 


Supply current 


«cc 


Vcc = 5.25 V 




140 


mA 



'Ambient operating temperature (Ifi^ = 0° to +70° C unless otherwise 
specified. 

^I|H = 100 /liA at pins 12 and 15. 
3||L = -2.0 mA at pins 12 and 15. 

^Not more than one output shall be shorted at a time and duration shall 
not exceed 1 second. 

^Does not apply to pin 4. 
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DC003 Bus Driver 
(Specification Group II - Open Collector) 



Parameter 






Rectuirements 




Name 


Symjiol 


Conditions* 


Min 


IMax 


Unit 


currant 


'or 


'QQ — 'r./O V 

VoH = 3.5 V 




25 


MA 


Low-fevel output 
voltage 


Vol 


Vcc = 4.75 V*" 
'SINK = 70 mA 
•SINK= 18 mA 




0.8 
OS 


V 
V 



^Ambient operating temperature (Ta) » 0** to +70*? C unless otherwise 
specified. 



DC003 Bus Receiver 
(Specification Group III - High Input Z) 



Parameters v Requirements 

Name Symbol Conditions* Min Max Unit 



High-level input 


V|H 


Vcc = 4.75 V 153 


V 


voltage 




Vcc = 5.25 V 1-70 


V 


Low-level input 


V|L . 


Vcc = 4.75 V 


1.30 


V 


voltage 




Vcc = 5.25 V 


1.47 


V 


Input clanip 


V, 


^ Vcc = 4.75 V 






voltage 




l| = -18 mA 


-1.2 


V 






l| = -1-18 mA 


6.25 


V 






(pins 10 and 










1 7 only) 






High-level input 


'IH 


V| = 3.8 V 






current 




Vcc = 0 V 


40 


mA 






(Do not do for 










pins 10 and 17) 










VCC = 5.25 V 


\ 40 


mA 


Low-level input 


•IL 


Vi = 0 V 






current 




Vcc = 0 V 


-10 


mA 






(Do not do for 










pins 10 and 17) 










Vcc = 5.25 V 


-10 


ma 



'Ambient operating temperature (T/^) = 0? to 4-70'* C unless otherwise 
specified. 
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DC004 Electrical Characteristics 



TTL (Non-Bu4^ Interface 
(Specification Group i - TTL Input and Output Pins) 



Parameter 

Nsme 

1 


Symbol 


Conditions^ 


Requirements 
Min Max 


Unit 


High-level inpiit 
voltage 


V|H 




2.0 




V 


Low-ievel input 
voltage 


V|L 






0.8 


V 


Input clamp 
voltage 


V| 


Vcc = 4 75 V 
l| = -18 mA 




-1.2 


V 


High-level output 
voltage 


VOH 


Vcc = 4.75 V 
Iq = -1 mA 


2.7 




V 


Low-level output 
voltage 


Vol 


Vcc * 4.75 V 
Iq = 20 mA 




0.5 


V 


Input current at 
maxirmjm input 
voltage 


»l 


Vcc = 5.25 V 
V| = 5.5 V2 




1 


mA 


High-level input 
^^ current 


l|H 


Vcc = 5.25 V 
V| = 2.7 V2 




50 


mA 


Low-level input 
current 


l|L 


Vcc = 5.25 V 
V| = 0.5 V 




-0.70 


mA 


Short-circuit 
output current 


>os 


vcc = 5.25 V3 


-40 


-100 


mA 


Supply current 


Ice 


Vcc = 5.25 V 




120 


mA 



'Ambient operating temperature (1^) = 0*> to +70" C unless otherwise 
specified. 

^Limits for pin 19 are: 

l| = 1.40 mA; I|h = -2.25 mA min, -3.85 mA max. 

I|L ~ -4.5 mA min, -800 mA max. 
3Not more than one output shall be shorted at a time and the duration 
shall not exceed 1 second. 
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DC004 Bus Receiver 
(Specification Group 11 - High Input Z) 



Parameter Requirements 



Name 


Symbol 


Conditions^ 


Min 


Max 


Unit 


High-level input 
voltage 


V|H 


Vcc = 4 75 V 
Vcc ^ 5.25 V 


1.53 
1.70 




V 
V 


Low-level input 
voltage 


V|L 


Vcc = 4 75 V 
Vcc = 5.25 V 




1.30 
1.47 


V 
V 


Input damp 
voltage 


' V| 


Vcc = 4 75 V 
l| = -18 mA 




-1.2 


V 


High-level input 
current 


i|H 


V| = 3.8 V 
Vcc = 0 V 
Vcc = 5.25 V 




40 
40 


mA 
mA 


Low-level input 
current 


l|L 


V| = 0 V 
Vcc = 0 V 
Vcc = 5.25 V 




' -10 
-10 


ma 



'Ambient operating temperature (Ta) = 0" to -1:70'' C unless otherwise speci- 
fied. 



DC004 Bus Driver 
(Specification Group III - Open Collector) 



Parameter Requirements 
Name Symbol Conditions^ Min Max Unit 



Output reverse 


'oh 


Vcc 




4.75 V 


252 




current 


Vqh 




3.5 V 




Low-level output 


Vol 


Vcc 




4.75 V 






voltage 


'sink 




70mA3 


o.a 


V 






'sink 




16 mA3 


0.5 


V 






'sink 




15 


0.5 


V 



lAmbient operating temperature (T^ = 0' to 70* G unless otiierwise spe- 
cified. 

265 /iA for pin 18 (RXCX H). 

SAppltes to Pin 18 BUS RPLY only. _ 
^Applies to Pin 18 RXCX only. 
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DC005 Electrical Characteristics 



OC005 TTL (Non-Bus) interface 
(Specification Group I - TTL Input and Output Pins) 



Parameter 






Requirements 




Nani^e 


Symbol 


Conditions^ 


Min 


Max 


Unit 


High-level input 
voltage 


V|H 




2 




V 


Low-level input 
voltage 


V|L 






0.8 


V 


Input clamp voltage 


V| \ 


Vcc = 4.75 V 
l| = -18 mA 




-1.2 


V 


niyfi-ievei ouipux 
voltage 


VQH 


VCC — *T. f o v 

Iq = -1 mA 


3.65 




w 

V 


Low-level output 
voltage 


Vol 


Vcc = 4.75 V 
Iq = 20 mA 




0.5 


V 


Input current at 
maximum input 
voltage ' 


i| 


Vcc = 5.25 V 
V| = 5.5 V 




1 


mA 


High-level input 
current « 


III 1 

MH 


vcc ~ o.jLo V 
V| = 2.7 V 
REC 
XMIT 




100 
50 


mA 


Low-level input 
current 


l|L 


Vcc = 5.25 V 
V| = 0.5 V 
REC 
XMIT 




-2.2 
-1.1 


mA 
mA 


Short-circuit output 
current 

Supply current 


■os 
Ice ^ 


Vcc = 5.25 V2 
Vcc = 5.25 V 


-40 


-100 
120 


mA 
mA 


Off state (high- 
impedance state) 
output current 
(OAT pins only) 


♦O (OFF) Vcc'= 5 25 V 
V| = 3.65 V 
V| = 0.5 V 




100 
-0.36 


ma 

mA 



'Ambient operating temperature (Ta) = 0* to -H70* C unless otherwise speci- 
fied. 

'Not more than one output shall be shorted at a time and the duration shall not 
exceed 1 second. 
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OC006 Bus Recaivar 

(Specification Group 11 - High input Z) 



Paramatar 






Requiramants 




Name 


Symbol 


Conditions^ 


Min 


Max 


Unit 


High-level input 


V|H 


Vcc = 4 75 V 


1.53 




V 


voltage 




Vcc = 5.25 V 


1.70 




V 


Low-level input 


V|L 


Vcc = 4.75 V 




1.30 


V 


voltage 




Vcc - 5 25 V 




1 .47 


V 


Input clamp 


V| 


l| = -18 mA 




-1.2 


V 


voltage 




Vcc - 4.75 V 








High-level input 


l|H 


V| = 3.8 V / 








current (includes 












open-collector 












leakage on bus 












pins) 












MENB 




Vcc = 0 V 




40 


mA 






Vcc = 5.25 V 




40 


mA 


BUS 




Vcc = 0 V 




65 


mA 






Vcc = 5.25 V 




65 


mA - 


Low-level input 




V| = 0.5 V 








current 




Vcc = 0 V 




-10 


AtA 






Vcc = 5.25 V 




-10 


mA 



'Ambient operating temperature (Ta) = 0** to -1-70** C unless otherwise speci- 
fied. 



DCCX^ Bus Driver 
(Specification Group III - Open Collector) 



Parameter 






Raquiramants 




Name 


Symbol 


Conditions^ 


Min 


Max 


Unit 


High-level output 
current (reverse 
^urrent - match 
output only^ 


•oh 


Vcc ^ 4.75 V 
Vqh = 5.25 V 




25 




Low-level output 
voltage 


\ Vol 


Vcc = 4.75 V 
•sink = 8 mA 
(Match) 

•sink = 70 mA 
(Bus) 

•sink = 16 mA 
(Bus) 




0.5 
0.8 
0.5 


V 
V 
V 



'Ambient operating temperature (Ta) = 0" to +70* C unless otherwise speci- 
fied. 

^For bus pins, see i|H under specification gr^up II. 
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DC006 (Specification Group IV - Ternary State inputs) 

Parameter Requirements 

Name Symbol Conditions^ IMin Max Unit 

Low-level input V|l 0 3 V 

voltage 

High-level input V|h 4.75 V 

voltage 

Open circuit input Vqp 4.75<Vcc ^ 2 V 

voltage ' <5.25 



^Ambient operating temperature (T/^) - 0^ to +70** C unless otherwise speci- 
fied. 



DC006 (Specification Group V - TTL Input with Pull-Oown) 
Parameter Requirements 



Name 


Symbol 


Conditions^ 


Min 


Max 


Unit 


High-level input 
voltage 


V|H 




2 • 




V 


Low-level input 
voltage 


V|L 






0.8 


V 


Input clamp 
voltage 


V| 


Vcc = 4.75 V 
-18 mA 




-1.2 


V 


High-level input 
current 


llH 


Vcc = 5.25 V 
V| = 2.4 V 




1.2 


mA 


Low- level input 
voltage forcing 
input current 


Vll 


Vcc = 4.75 V 
l| = 0.1 mA 




0.8 


V 


Input current at 
low-level 


•IL 


Vcc = 5 V 
V| = 0.4 V 


50 


200 


ma 



^Ambient operating temperature (T^) = 0" to + 70* C unless othenwise speci- 
fied. 
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DC006 Electrical Characteristics 



OC006 TTL (Non- Bus) interface 
(Specification Group I - TTL Input and Output Pins) 



Parameter 

Name 


Symbol 


Conditions^ 


Requirements 
Min Max 


uniT 


Higli -level inpiit 
voltage 


V|H 




2 




V 


Low-level input 
voltage 


V|L 






0.8 


V 


Input clamp 
voltage 


V| 


Vcc - open 
i| — -lo mA 




-1.2 


V 


High-level output 
voltage 


VOH 


Vcc = 4 75 V 
\q = -ImA 


2.7 




V 


Low-level output 
voltage 


Vol 


Vcc = 4.75 V 
iQ * 20 mA 




0.5 




Input current at 
maximum input 
voltage 


II 


Vcc * 5.25 V 
V| — o.o V 


• 


1 


mA 


High-level input 

current 

Except tri-state 
TrI-state pin 


i|H 


Vcc * 5.25 V 
Vl = 2.7 V 




50 
55 


mA 


Low-level input 
current 

CLKA. CLKC 

CTNTIA 

D/F(7:0)LD.RD, 

SCSA 

RD-A 


IlL 


Vcc = 5.25 V 
V| = 0.5 V 




-1.1 
-1.7 
100 

200 


mA 
mA 

mA 

mA. 


Off-state high 
impedance state - 
output current 
tri-state only 


'0 (OFF) Vcc = 5.25 V 
Vo = 3.75 V 




100 


mA 


Short-circuit 
output current 


>0S 


Vcc = 5.25 \P 


-40 


-100 


mA 


Supply current 


•cc 


Vcc = 5.25 V 




150 


mA 



I 

'Ambient operating temperature (T^) = 0° to +70° C; Vcc 5.0 ± 025 

unless otherwise specified. 
^Not more than one output shall be shorted at a time and the duration 

shall not exceed 1 second. 
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DC010 Elsctrical Characteristics 



Parameter ' Requirements 



Name 


Symbol 


Conditions^ 


mm 


Maw 

max 


unii 


Higli-level input 


V|H 






2.0 




V 


voltage 




vcc 


= 4.75 V 


1.53 




V 






vcc 


= 5.25 V 


1 7rt 
1 . /\J 




w 

V 


Low-level input 


V|L 








08 


V 


voltaQO 




Vcc 


= 4.75 V 




1 "jn 
1 


v 






Vrr 


= 5 25 V 




1.47 


V 


Input clamp 


V| 


Vcc 


= open 




1.2 


V 


voltage 




ll = 


-18 mA— 








High-level output 


VOH 


Vcc 




2.7 




V 


voltage 




'0 


1 mA 








Low-level output 


Vol 




= 4 75 V 








voltage 




In = 


8 mA 




O.D 


V 






In - 

'U 


70 mA 




0.8 


V 


Input current at 


•1 


Vrr 


= 5 25 V 




l.O 


mA 


maximum input 




Vl s 


5.5 V 








voltage 










mA 






Vcc 


« 0 to 




An 


jUA 






5.25 


V 




65 


|tA 






Vl = 
*l 


3.8 V 








High-level input 


'IH 


Vrr 
'CC 


s fi 9B V3 








current 




Vl s 


2.7 V 




50 








V, = 


2^7 V* 




300 








V| = 


3.8 V 




40 




- 




Vl = 


3.8 V 




65 




Low-ievei input 


ML 


V, = 


0.5 V3 








current 




vcc 


= 5.25 V 




-1.4 


mA 






Vrr 


= 5 25 V 




-2.0 


mA 






vcc 


= 5.25 V 




-lO 


A 






vcc 


= 5.25 V 




1 A 

— lO 


A - 

/iA 


-Output leakage 


•oh 


Vcc 


= 4.75 V 




25 


/tA 


current 




Vo = 


= 5.25 V 








Short-circuit 


IQS 


Vcc 


= 5.25 V 


15 


60 


mA 


output cttrrent^ 










Supply current 


•cc 


Vcc 


= 5.25 V 


130^ 


160 


mA 



^Ambient operating temperature (Ta) - 0° to +70". C unless otherwise 
specifiecl. 

^Not more than one output shall be shorted at a time and the duration 
shall not exceed 1 second. 
'Except CNT4. DATIO. 
*CNT4, DATIO. 
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TYPICAL APPLICATION 

f igured 26, 29, and ,.30 show a typical application for the DC003, 
jbcoOA. DC005, bC006, and DC010 integrated circuits. Figure 26 
shows the LSI- 11 bus interface circuits; Figure 29 depicts the DMA 
Control, word count/bus address registers, arKi the output buffers: Figure 
80 shows miscellaneous logic. 

DC003, DC004, DC005 Application 

Referring to Figure 26, four 00005 transceivers are used to handle 
the first 16 BDAL lines (BDAL 0-BDAL15) from the LSI-1 1 bus and to 
provide the interface to the internal tri-state bus. The transceivers are 
enabled to receive data from the LSI-1 1 bus when the REC H line is 
driven high. Similarly, \he transceivers transmit data to the LSI-1 1 bus 
when the XMIT H line is driven high. Normally, the DCOOSs are in the 
receive state (REC H line asserted) and allow the transceivers to monitor 
the LSI-1 1 bus for device addresses. 

Device address and vector switch inputs to the transceivers provide con- 
venient address and vector selection. 

Switches A3 through A 12 are the device address selection switches, 
and switches V3 through V8 are for vector selection. Switched are ON 
(closed) for a 1 bit and are OFF (open) for a 0 bit. The switch settings for 
the device addresses and vector are shown in Figures 27 and 28 
respectively. The addressable registers are: 



The user selects a base address for the bus address register and sets the 
devipe address selection switches to decode this address. The remaining 
register addresses are then properly decoded as sequential addresses 
beyond the bus atldress register. . 

The DC004 is the internal register selector. This integrated circuit mon- 
itors BDAL lines 0, 1, and 2 to determine which register address has 
been placed on the LSI-1 1 bus. The states of BDOUT and BDIN are also 
monitored to determine the type of transfer (DATO or DATI). When an 
address for an internal register is placed on the LSI-1 1 bus, one of the 
SEL outputs from the DC004 is driven low. This selects that particular 
register for the transfer of data. The direction of transfer (into or out of 



Register 



Bank 7 

Octal Address 



Bus Address Register 
Word Count Register 
Control/Status Register ^ 
Output Buffers 



1XXXX0 
1XXXX2 
1XXXX4 
1XXXX6 
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ev2 

BS2 
BR2 
BU2 



BOAL 12 


9 


BDAL11 


11, 




12. 



BUS 3 
BUS 2 
BUS 1 
BUSO 
J A3 
JA2 



DAT3 
DAT2 
DATl 

OATO 
JV3 
JV2 



DATA16 
■ DATA12 
. DAT Alt 
' 0ATA14 




NOTE 

A SWITCHES ARE FOR DEVICE ADDRESS 
SELECTION 

V - SWITCHES ARE FOR VECTOR 
SELECTION. 

CLOSE (ON) SWITCH FOR "1". 
OPEN (OFF) SWITCH FOB "O". 



Figure 26 Typical Application (DC003. DC004. DC005) 
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DECODED BY BBS7 



SELECTED BV SWITCHES 



DEC006O FOR 
1 OF 4 
REGISTERS 



17 16 15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 



-T— r r 

_l I L 



All 

(S2-1» 



A5 
(SI -31 



BYTE 
CONTROL 



A12' AtO A8 A6 A4 

(S2-2) (S1-8) <S1-6) (SJ-4J (Sl-2t 



Figure 27 Device Address Select Format 



1ST 
OCTAt 

DIGIT 



3RD OCTAL 
DIGIT 
(OCR 4) 



2ND 
OCTAL 
DIGIT 



PREASSIGNED 

AS ZEROS 

























1 

V7 
(S2-8) 


1 

V5 
IS2-5) 


1 

V3 
(S2-3) 







V8 V6 V4 V2 

(S2-8) (S2-6) (S2-4) (NOTE) 

NOTES . 
V2 = 1 FOB TRANSFER COMPLETE INTERRUPT. 
V2= 0 FOR TIME OUT INTERRUPT. 



Figure 28 Interrupt Vector Select Format 



the master device) is determined bythe state of the OUTHB L. OUTLB L. 
or INWD L lines, internal register selection is summarized as follows: 



Control Line 

INWD L (Read) 
INWD L (Read) 
OUTHB L (Write High Byte) 
OUTKB L (Write High Byte) 
OUTLB I (Write Low Byte) 
OUTLB L (Write Low Byte) 
INWD L (Read) 
OUTHB L and MRPLY L 
(Write CSR High Byte) 
OUTLB L and MRPLY L 
(Write CSR Low Byte) 
OUTHB L and MRPLY L 
(Write High Byte) 
OUTLfl L and RMPLY L 
(Write Low Byte) 



Select Register 

SELOL Bus Address Register 

SEL 2 L Word Count Register 

SEL 0 L Bus Address Register 

SEL 2 L Word Count Register 

SELOL Bus Address Register 

SEL 2 L Word Count Register 

SEL 4 L Control/Status Register 

SEL 4 L Control/Status Register 

SEL 4 L Control/Status Register 

SEL 6 L Output Buffer 

SEL 6 L Output Buffer 



212 



Note that MRPLY L is the BRPLY L output of the 0C004 and is used 
along with OUTHB L and OUTLB L to write either the high or low byte in 
the control/status register or the output buffers. Write byte selection for 
the bus address register and the word count register is controlled only by 
the OUTHB L and OUTLB L lines. Words can be written to the con- 
trol/status register or the output buffer registers by driving both OUTHB 
L and OUTLB L to the low state at the same time. 

The DC004 integrated circuit is designed to operate directly from the 
L$l-1 1 bus. However, since the intrqduction of the DC005, the DC004 
is usually interfaced to the LSI-1 1 buV|hrough the DC005. Bus signals 
(BDAL lines) passing through the DCOOl^ are inverted. Therefore. BDAL 
0, 1, and 2 signals applied to the DC004 are inverted. Because of this 
inversion, it is necessary to change the nomenclature on pins 1 2 through 
17 on the DC004. The difference in nomenclature between DC004s 
operated directly from the LSI-1 1 bus and through a DC005 are as 
follows. 



From Bus (N on- Inverted From DC005 (Inverted 

BDALO, 1/2) BDALO, 1,2) 



Pin 


Signal 


Pin 


Signal 


12 


OUTLB L 


12 


OUTHB L 


13 


OUTHB L 


13 


OUTLB L 


14 


SELOL 


14 


SEL6 L 


15 


SEL2L 


15 


SEL4L 


16 


SEL4L 


16 


SEL2L 


17 


SEL6L 


17 


SELOL 



It is recommended that when a DC005 is used, the DC004 be interfaced 
to the LSI-1 1 bus through the DC005 to avoid unnecessary bus loading. 

The DC003 IC performs an interrupt transaction that uses the d^isy- 
chain type arbitration scheme to assign priorities to peripheral devices. 
The DC003 has two channels (A and B) for generating two interrupt 
requests. Channel A has higher priority than channel B. If a user's device 
wants control of the LSI-1 1 bus, the interrupt enable flip-flop within the 
DC003 must be set. This is accomplished by asserting (logic 1 ) the ENB 
DATA line to the DC003 (writing bit 14 or bit 6 to a one) and then 
clocking the enable flip-flop by asserting (positive transition) the DC003 
ENB CLK line. With the interrupt enable flip-flop set, the user's device 
may then make a bus request by asserting (logic 1 ) RQST. RQST must 
be held asserted until the interrupt is serviced. When the RQST is 
asserted and the interrupt enable flip-flop is set, the DC003 asserts 
(logic 0) BIRO L, thus making a bus request. When the request is 
granted, the processor asserts (logic 0) BDIN L. This causes the DC003 
to assert (logic 1 ) VECTOR H, which i^ applied to the DC005. VECTOR H 
at the DC005 causes the device vector to be placed on the BDAL lines 
to the processor. Interrupts are produced for bus time-outs (CSR bits 1 5 
and 14) and at the completion of a block transfer (CSR bits 7 and 6). 
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DMA Application 

Figure 29 shows the DMA control (DC010). the word count/bus ad- 
dress registers (both DC006). the output buffers (both 74LS273s), and 
the input drivers (74LS367s). 

The DC010 performs handshaking operations required to request and 
gain control of the LSI-11 bus for DMA non-processor request (NPR) 
data transfers. After becoming bus master, the DC010 produces the 
signals necessary to perform a DIN, DOUT, or DATIO bus cycle as speci- 
fied by the control lines. An 8-MHz free-running clock is provided by E8. 
This clock is used by the DC010 to generate all transfer timing se- 
quences. The actual clock frequency is not critical and can be any fre- 
quency up to 8.3 MHz. An RC time constant provided by resistor R14 
and capacitor C2 provides a delay for the reassertion of BDMR to the 
LSI- 1 1 bus. This allows other direct memory access devices to obtain 
the bus durinjg the time the CNT4 logic releases the bus and re-requests 
the bus. 



USER REQ 

DATA 8 



+5 

1R9 
33C 



WCNTO H 
(TOS+INIT)H 



E15 
7474 



IT 



AR2/B0MGI L ■ 
AS2/BDMG0 L ■ 



5Vdc 
_i_ 



TDII*- 
MASTER H- 



TSYNC 
RSYNC 
flPLY H 



BDMGI L 


REQ 


80MGO L 


DATIN 


(NIT L 


DATIO 


BDMR 


CNT4 


DOUT 


E18 DATN L 


OINH 


DC010 CLK 


MASTER 


TMOUT 


TSYNC 


ADRENH 


RSYNC 




RPLY 





RIS 
270 



E8 

,3j 742S13JJ 
CI 



-DATIN L 



+ 1000|)f 



-AOREN H 



Figure 29 Typical Application 
(DC006. 0C010, Output Delay, and Input Drivea) 
(Sheet 1 of 2) 
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IN 14> 



IN 13> 



IN 10> 




OUT7 
0UJ6 

P5<OUTO 



Figure 29 Typical Application 
(DC006, DC010. Output Delay, and Input Drives) 
(Sheet 2 of 2) 
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User devices initiate bus requests by driving the set input of the request 
flip-flop (El 5) low. This asserts REQto the DC010 and generates BDMR 
L to the LSI-1 1 bus. When the DC010 becomes bus master, it asserts 
ADREN H to the DC010 bus address registers. ADREN H allows the bus 
address registers to place the address of the slave (memory) onto the 
internal bus and. via the DC005 transceivers, onto the LSI-1 1 bus. The 
request flip-flop (E15) remains set until the DC006 word count over- 
flows to zero (WCNTO). WCNTO then resets the request flip-flop. 

Two 0C006 word count/bus address register ICs are used to provide 1 6 
bits each of word count and bus address. The least significant bits of the 
word count and bus address are provided by DC006/E23'; the most 
significant bits are .provided by DC006/E27. Register A is the bus 
address register and register C is the word count register. Both registers 
can be read or written under program control from the LSI- 11 bus. Reg- 
isters are selected by: 

• Read bus address register 

• Write high byte of bus address register 

• Write low byte of bus address register 

• Rea^ word count register 

• Write high byte of word count register 

• Write low byte of word count register 

The bus address register is incremented by 2 for word transfers. To 
accomplish the increment by two, the CNTIA input to the least signifi- 
cant DC006 4E23) must be high, and the CNTIA input to the most 
significant DC006 (E27) must be grounded. Clocking for DC006 E23 is 
provided by the transition of the ADREN H line from the DC010. When' 
bus address register DC006 E23 overflows, MAX-A goes high, thus 
clocking the DC006 E27 bus address register. 

The word count register is incremented by one each time a word is 
transferred. Initially, the word count register is loaded under program 
control, with the 2's cbmplement of the number of words to be trans- 
ferred. As words are transferred, the word count register is incremented 
toward zero. When DC006 E23 overflows. MAX-C goes high MAX-C 
clocks the DC006 E27 word count register until DC006 E27 overflows. 
When E27 overflows, WCNTO H is generated; WCNTO H then resets the 
request flip-flop (El 5), thus terminating data transfers. 

During DMA data transactions, input data from the DIN bus cycle is 
placed on the internal tri-state bus via the DC005 transceivers and is 



SEL 0 L 
INWD L 

SELOL 
OUTHB L 

SELOL 
OUTLB L 

SEL 2 L 
OUTHB L 

SEL2 L 
INWD L 

SEL 2 L 
OUTHB L 
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applied to the 74LS273 (E28 and E24) output buffers. These buffers are 
then clocked by CHANHB and CHAN LB, thus placing the data on the 16 
OUT lines to the user's device. 



For output data transfers (DOUT), the user's device places data on the 
16 IN lines to the 74LS367 tri-state drivers. The drivers are enabled by 
DATEN L, which is asserted during a DOUT cycle. The data passes 
through the drivers, is applied to the internal tri-state bus and, via the 
DC005 transceivers, to the LSI-1 1 bus. 



Miscellaneous Logic 

Miscellaneous logic is shown in Figure 30. This logic includes CSR, 
output buffer and input driver control, non-existent address time-out, 
DC005 transceiver receive/transmit control, the control/status register 
(CSR), additional transceivers (8641s), and the "9" request flip-flop. 

The CSR, output buffers, and input driver control receive INWD L, 
OUTHB L, OUTLB L, SEL 4 L, SEL 6 L, DATN H, and DIN H. These 
signals are gated to produce enable signals for the CSR, the output 
buffers, and the input drivers. CSR RD is produced by INWD L and SEL 4 
L to enable "the CSR data (DATA 5 through DATA 14) (Figure 5-29, 
sheet 2) to pass through the 74LS367 tri-state drivers and onto the LSI- 
1 1 bus via the DC005 transceivers. OUTHB L, OUTLB L, SEL 4 L and 
MRPLY L produce either CSRWHB L or CRSWLB L for writing bit 8 of 
the CSR (7474 El 5 on Figure 5-29, sheet 1), or for clocking the "B" 
request flip-flop. DATEN L is generated either by DATN H or by INWDL 
and SEL 6 L. DATEN L enables the 74LS367 tri-state input drivers (Fig- 
ure 5-29, sheet 1) during an IN cycle. The CHANHB and CHANLB sig- 
nals clock the 74LS273 output buffers during an OUT cycle. When bytes 
are transferred, OUTHB L, MRPLY L and SEL 6 L enable the high byte 
(CHANHB L asserted), while OUTLB L, MRPLY and SEL 6 L enable the 
low byte (CHANLB L). Both bytes are simultaneously transferred (word 
transfer) when DIN H is negated. 

The non-existent address time-out provides a 10 /iS time-out in the 
event that a non-existent address is requested on the LSI-1 1 bus during 

a DMA operation. This prevents hanging-up the LSI-1 1 bus for periods 
longer than 10 ^s. When the DC010 becomes bus master, ADREN H is 
asserted and clocks the 10 ^s one-shot (Ell). Normally, RPLY from the 
LSI-1 1 bus goes low and the one-shot is cleared. However, if RPLY is 
high (no response from slave), the one-shot times out and clocks the 
74LS74 flip-flop (El 2). The f|ip-flop is set, generating (TOS + INIT) L; 
this signal is applied to, the DC010 (Figure 5-29, sheet 1) clearing the 
internal synchronization circuit and releasing the LSI-1 1 bus. (TOS + 
INIT) H resets the request flip-flop (El 5). The.74LS74 flip-flop (El 2) can 
be set and reset with CSRW HB and DATA 1 5 (CSR bus time-out). This 
flip-flop is automatically reset during power-up. 
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CSR, OUTPUT BUFFERS. INPUT DRIVERS CONTROL 



OUTHB L • 
MRPLY L ■ 



OUTLBL 

SEL4 L 



loa E5 Ys 



OUTHB L 
MRPLY L ■ 



OUTLB L ■ 
SELBL 



DATN H 
£5 VI2 1 



16 >^=— CHAN HB 



74L^y-^ CHAN LB 



■7: 



10 I E3 8 

11 ; 74LS27> 



"B" REQUEST FLIP-FLOP 



CONTROiySTATUS REGISTER 
<CSR) RE>\D LOGIC 



E6 >—— DAT AS 



E6>-=- DATA? 



E6>-^ DATA6 



E6>-^ DATA6 



E6,E2I 
74LS367 



Figure 30 Typical Application (Miscellaneous Logic) 
(Sheet 1 of 3) 
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DC005 TRANSCEIVERS REC/XMIT CONTROL 




RECH 



h- i 

I NON-EXISTENT ADDRESS TIME-OUT , 



74LS04 




(TOS+INIT)H 



I I 

MR 1007 

Figure 30 Typical Application (Miscellaneous Logic) 
(Sheet 2 of 3) 
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8641 QUAD TRANSCEIVERS 



BRPLY/AF2 

OH>- 



BDIN LyAft2 



BSVNC/AJ2 

BD0UT/AE2 



864t/E20 



MASTER H " f;;^ ^ ,3 



,4' BSACK L/BN1 



D'ATN L 



I H 



Figure 30 Typical Application (Miscellaneous Logic) 
(Sheet 3 of 3) 
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The DC005 transceiver receive/transmit control determines the state of 
the DC005 transceivers on Figure 26. Normally, the transceivers are in 
the receive state to accept device addresses from the LSI-1 1 bus. When 
REC H is asserted (high), XMIT is negated (low). XMIT is asserted (high) 
when transferring data to the LSI-1 1 bus (T DOUT, DATEN, and ADREN 
are high; TRPLY, INWD are low). REC is asserted (high) when receiving 
data from the LSI-1 1 bus (TDOUT. DATEN, and ADREN are low; 
TRPLY, INWD are high). 

The control/status register (CSR) (Figure 29, sheet 2) has six active 
bits and is a read/write register comprised of 74LS367 tri-state drivers 
and flip-flops which are part of other logic circuits shown on Figuria 
29, sheet 1, and Figure 30, sheet 3. Figure 31 shows the CSR 
format. The CSR bits are described in Table 12. 



INTERRUPT 

ENABLE 
FOR BIT 15 



BUSTIMEOUT 
(NONEXISTENT 
ADDRESS) 



USER 
TRANSFER 
REQUEST 



INTERRUPT 
ENABLE 
FOR BIT 7 



BLOCK TRANSFER 
COMPLETE 
(WORD COUNT 
OVERFLOW) 



D0UT;D1N 
1/0 



Figure 31 Control/Status Register (CSR) Format 



The quad transceivers (8641) supplement the DC005 transceivers for 
interfacing to the LSI-1 1 bus. In this particular application, the 8641s 
are permanently enabled by grounding pins 7 and 9. 



Table 12 . CSR Bit Descriptions 



Bit 



Name 



Description 




Unused 



05 



DOUT/DIN 



When on a 1, indicate a DOUT 
cycle; when on a 0,' indicate a DIN 
cycle. 
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Table 12 CSR Bit Descriptions (Cont) 



Description 



Bit Name 



06 Interrupt enable for bit 
7 



07 Block transfer coniplete 



08 User transfer request 



This bit must ba set (1) to enable 
the-word count overflow; interrupt 
at the end of a block transfer. When 
on a 0, the interrupt is inhibited. 
This bit sets (1 ) when the word 
count register overflows, providing 
bit 06 is set. 

The user's device must set (1) this 
bit to make a bus request and trans- 
fer data. User REQ L (J1-PP) must 
be driven low (0) to set bit 08. This 
bit is always read as a zero. This is 
an example for test purposes. 



^ Unused 



14 Interrupt enable for bit 
15 

1 5 Bus time-out 



This bit must be set (1) to enable 
the bus time-out interrupt. When on 
a 0, the interrupt is inhibited. 

This bit sets (1 ) when a slave on the 
LSI- 11 bus does not respond with 
BRPLY within 10 ^s after being ad- 
dressed. Bit 14 must be set (1) to 

enable the bus time-out interrupt. 



Wire Wrappable Module W9S12 

The W9512 module will accept a variety of IC package types and discrete 
components. The printed circuit on each board connects the appropriate 
edge connector pins to the Vcc plane on Side 2 of the board and the ground 
plane (GND) on Side 1. The remaining edge connector pins terminate to a 
double row of wire wrap pins for user designated functions. Each module 
also includes a premounted 40-pin male cable connector to ailow an inter- 
face cable to be attached to the module logic. The pins of the cab\6 con- 
nector are also terminated to a double row of wire wrap pins. Each board 
contains insulated standoffs to maintain the required clearance between 
adjacent modules and prevent shorting of wire wrap pins. The wire wrap 
pins and components are mounted on Side 2 of each module. The majority 
of the rows of predrilled holes accept iC packages with pin spacings of 0.3". 
However, a universar area on the W9512 module is the area which accepts 
IC packages with standard pin spacmgs of 0.3", 0.4" and 0.6". 
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Total IC capacity on the wire wrap module is as fbifows: 32 14-pin IC's or 
27 16-pin IC's, 5 24-pin IC's, 3 40-pin IC's. 

These capacities allow one pair of holes between each DIP for mounting addi- 
tional decoupling capacitors. The W9512 module is supplied without IC 
sockets. IC sockets available through the handbook are the 954 (14-16 pins), 
the 961 (24 pins) and the 962 (40 pins). 



IMPORTANT NOTE ON DMA CHIPKITS 

The two DMA Bus Interface CHIPKITS, DCKll-AB and DCKll-AD, are new 
products being developed by DIGITAL, and are undergoing final applications 
testing and review as of the publication date of this handbook — -^uly, 1978. 
Production quantities are expected about October, 1978. If you have a 
serious interest in using these CHIPKITS, contact us foT the latest word on 
availability. Write DIGITAL, Logic Products Sales Support, MK1-2/E13, Merri- 
mack, NH 03054, or call us on our toil-free Hot Line, 8:30 AM to 5:00 PM 
Eastern time: 800-258-1710. From New Hampshire locations or places out- 
side the continental U.S., call 603-884-6660. 




W9512 wire wrappable board is quipped with 40-pin male 
interface connector. 
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GENERAL PURPOSE LOGIC & CONTROL MODULES 

M-SERfES. A-SERIES, K-SERIES— FOR INTERFACING, COMMUNICATIONS, 

AND SPECIAL APPLICATIONS 
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GENERAL PURPOSE 

LOGIC AND 
CONTROL MODULES 

This section describes the computer industry's most extensive line of general 
purpose logic modules — modules used in DIGITAL'S products and modules 
used by thousands of customers for computer interfacing, instrumentation, 
data gathering, and control. The module descriptions are organized into three 
main subsections: M Series, A Series, and K Series. 

M Series high-speed monolithic integrated circuit logic modules employ TTL 
(transistor-transistor logic) circuits which provide high speed, high fanout, 
large capacitance drive capability, and excellent noise margins. 

In addition to the reduced cost of integrated circuits, DIGITAL'S advanced 
manufacturing methods and cpmputepcontrolled module testing have re- 
sulted in considerable production cost savings, reflected in the low price of all 
M Series modules. 

A Series analog modules support the M Series by providing a two-way trans- 
lation between continually varying reai-worid voltage measurements and the 
digital realm of control and computation. 

K-Serles industrial control modules offer exceptional immunity to electrical 
noise. In typical process-control applications, inputs are from limit switches, 
photocells, or^he like; outputs are to control motor starters, relays, solenoids, 
or lamps. K-Series modules have many advantages over electromechanical 
control devices, and can also connect to a computer if a suitable high-speed 
TTL interface is used. 

The associated hardware for these general purpose modules, such as module 
connector blocks, mounting panels, cabinets, and power supplies, is sum- 
marized elsewhere in this handbook and described in detail in the Hardware/ 
Accessories Catalog, also published by DIGITAL. 
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M SERIES 
GENERAL CHARACTERISTICS 



M Series high-speed, monolithic Integrated circuit logic modules erhploy TtL 
(transistor-transistor logic) integrated circuits which provide highi speed, 
high fan out, large capacitance drive capability and excellent noise margins. 
The M Series includes a full digital system complement of basic modules 
which are designed with sufficient margin for reliable system operation at 
frequencies up to 6 MHz. Specific modules may be operated at frequencies 
up to 10 MHz. The integrated circuits are dual in-line packages. 

The M Series printed circuit boards are identical in size to the standard 
FLIP CHIPTM modules. The printed circuit board is double-sided providing 
36-pins in a single height module. Mounting panel? and 36-pin sockets are 
available for use with M Series modules. Additional information concerning 
applicable hardware may be found in the Cabinets & Parts section of this 
handbook as well as the Hardware/Accessories Catalog published by DIGITAL 

t 
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OPERATING CHARACTERISTICS 
Power Supply Voltage: 5 Volts ± 5% 
Operating Temperature Range: O-** to 70°C 

Speed: M Series integrated circuit modules are rated for operation in a sys- 
tem environment at frequencies up to 6 MHz. Specific modules may be oper- 
ated at higher frequencies as indicated by the individual module specifica- 
tions. 

LOGIC LEVELS AND NOISE MARGIN 

A gate input will recognize 0.0 volts to 0.8 volts as logical LO and 2.0 volts 
to 5.6 volts will be recognized as a logical HI. An output is between 0.0 volts 
and 0.4 volts in the logicaI'LO condition. The logical HI output condition is 
between 2.4 volts and volts, logure 1 shows diagrammaticaily the accept- 
able transistor-transistor logic levels. The worst case noise margin is 400 
millivolts,that is, an output would have to make at least a 400 millivolt excur- 
sion to cause an input which is cpnnected to it to go into the indetermined 
voltage region. For instance if an output were at 0.4 volts (worst case logical 
LO) there would have to be a + 400 mv swing in voltage to cause inputs 
connected to it to go into their indetermined region. 

Input and Output Loading: The input loading and output drive capability of 
M Series modules are specified in terms of a specific number of unit loads. 
Typically the input loading Is one unit, however certain modules may contain 
inputs which will present greater than one unit load. The typical M Series 
module output will supply 10 unit loads of input loading. However, certain 
module outputs will deviate from a 10 unit load capability and provide more 
or less drive.' Always refer to the individual module specifications to ascer- 
tain actual loading figures. 

Unit Load: In the logic 0 state, one unit load requires that the driver be able 
to sink 1.6 milliamps (maximum) from- the load's input circuit while main- 
taining an output voltage of equal to or less than 4-0-4 volts. In the logic 1 
state, one unit load requires that the driver supply a leakage current 40 
microamps (maximum) while maintaining an output voltage of equal to or 
greater than -{-2.4 volts. 
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Figure 1 Logic Levels 



NAND Logic Symbol: Logic symbology used to describe M Series modules is 
based on widely accepted standards. Logic symbols and a truth table for the 
NAND gate are shown in Figure 2. . 



A B OUTPUT 

L L H 

L H H 

H L H 

H H L 



Figure 2 NAND Gate Logic Symbol and Truth Table 

The first symbol is visually more effective in applications where two tiigh in- 
puts are ANDed to produce a low output. The second symbol better repre- 
sents an application where low inputs are O Red to produce a high output 



I OUTPUT 

J J OUTPU- 

— <£ y A+B 
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NAN D GATE FLIP-FLOPS 

RS Flip-Flop: A basic Reset/Set flip-flop can be constructed by connecting 
two NAN D gates as shown in Figure 3. 



SET 



RESET 






PREVIOUS 

STATE 


INPUT 
CONDI TION 


RESULT 


- 1 


1 \ 0 


SET RESET 


I 0 




L H 


L H 


H L 




H L 


H L 


L H 




L H 


H H 


NO CHANGE 




H L 


H H 


NO CHANGE 




H L 


L- H 


NO CHANGE 


0 


L H 


H L 


NO CHANGE 




L H 


L L 


H* H* 




H L 


L ■ L 


H* . H* 



/'Ambiguous state: In practice the input that'' stays low longest will assume 
control. 

Figures RESET/SET NAND Gate Flip-Flop 



CLOCKED NAND GATE FLIP-FLOPS 

The Reset-Set flip-flop can be clock-synchronized by the addition of a two- 
input NAND gate to both the set and the reset inputs. (See Figure 4.) One 
of the inputs of each NAND is tied to a common clock or trigger line. 

SET 



CLOCK ■ 



RESET- 




Figure 4 Clocked NAND Gate Flip-Flop 



A change of state is inhibited until a positive clock pulse is applied. The 
ambiguous case will result if both the set and -reset inputs are high when the 
clock pulse occurs. 

M SERIES GENERAL-PURPOSE FLIP-FLOPS 

Two types of general-purpose flip-flops are available in the M Series, both of 
which have built-in protection against the ambiguous state characteristic of 
NAND gate flip-flops. 



230 




LOGIC SYMBOL 



Figures 

D Type Flip-Flop: The first of these is the D type flip-flop shown in Figure 5. 
A low to high transition at the C input causes the 1 output to assume the 
state that the D input was at the time of transition. The 0 output will always 
assume the opposite state, in this way, the D fiip-flop will store the signal 
level at the D input since subsequent changes at the D input will not affect 
the flip-flop's state until the C input is again clocked with a low to high 
transition. When the 1 output is high and the 0 output is low, the flip-flop is 
said to be set. When the 1 output is low and the 0 output is high, the flip- 
flop is said to be reset or cleared. The D flip-flop can be direct set by apply- 
ing a low level or pulse to the S input. Likewise, it can be direct reset by 
applying a low level or pulse to the R input. Signals at the S and R inputs 
will override those at the C and D inputs. 

D type flip-flops are especially suited to buffer register, shift register and 
binary ripple counter applications. Note that D type devices trigger on the 
leading (or positive going) edge of the clock pulse. Once the clock has passed 
threshold, changes on the D input will not affect the state of the flip-flop- 

"MASTEt?-SLAVE J-K FLIP-FLOP' 

The two unique features of a J-K flip-flop are: A) a clock pulse will not cause 
any transition in the flip-flop if neither the J nor the K inputs are high during 
the clock pulse, and B) if both the J and the K inputs are high during the 
clock pulse, the flip-flop will complement (change states). There is no indeter- 
minate condition in the operation of a J-K flip-flop. 

A word of caution is in order concerning the clock input. The J and K inputs 
must not be allowed to change, states when the clock line is high, as the out- 
put will complement on the negative going voltage transition of the clock. It 
is for this reason that the clock line must be kept low until it is desired to 
transfer information into the flip-flop and no change in the states of the J 
and K inputs should be allowed when the clock line is high. 

The J-K flip-flops used are master-slave devices which transfer information 
to the outputs on the trailing (negative going- voltage) edge of the clock 
pulse. The J-K flip-flop consists of two flip-flop circuits, a master flip-flop 
and a slave flip-flop. The information which is present at the J and K inputs 
when the leading edge threshold is passed and during the clock high will be 
passed to the master flip-flop (The J and K inputs must not change after the 
leading edge threshold has been passed). At the end of the clock pulse when 
the threshold of the clock is passed during the trailing (negative going 
voltage) edge, the information present in the master flip-flop is passed to 
the slave flip-flop, if the J input is (enabled and the K input is disabled prior 
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to and during the clock pulse, the flip-flop will go to the "1" condition when 
the trailing edge of the clock occurs. If the K input is ehabled and the J Input 
is disabled prior to and during the clock pulse, the flip-flop will go to the 
"0" condition when the trailing edge of the clock pulse occurs. If both the 
J and K Inputs are enabled prior to and during the clock pulse, the flip-flop 
will complement when the trailing edge of the clock pulse occurs. If both the 
J and K inputs are disabled prior to and during the clock pulse, the flip-flop 
will remain in whatever condition existed prior 'to the clock pulse when the 
trailing edge of the clock pulse occurs. 





s 

J 1 

K 0 
• R 















Figure 6 . Master-Slave J-K Flip-Flop 



Figure 7 is a truth table for the J-K flip-flop showing all eight possible initial 
conditions.. 



INITIAL CONDITIONS 


FINAL CONDITIONS 


OUTPUTS 


INPUTS 


OUTPUTS 


1 0 


J 


K 


1 


0 


L H 


L 


L 


L 


H 


L H 


L • 


H 


L 


H 


L H 


H 


L 


H 


L 


L H 


H 


H 


H 


L 


H L 


L , 


L 


H 
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H L 
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H 
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H 


H L 


H 
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H 


L 1 


H L 


H 


H 


L 


H 



Figure 7. Master-Slave J-K Flip-Flop Truth Table 
232 



UNUSED INPUTS (GATES AND FLIP-FLOPS) 

Since the input of a TTL device is an emitter of a multiple-emitter transistor, 
care must be exercised when an input is not to be used for logic signals. 
These emitters provide excellent coupling into the driving portions of the 
circuit when left unconnected. 

To insure maximum noise immunity, it is necessary to connect these inputs 
to either ground or to a source of Ldgic 1 (high) depending on the situation. 
For instance, the unused inputs of a NAND gate would be connected to a 
Logic 1 source, while the unused inputs of a NOR gate would be grounded. 

If a Logic 1 source is needed, it may be obtained in several ways. 

1. Many M Series modules provide +3 volt sources for this purpose. Con- 
sult the module diagrams for pin numbers and fan-out capability. 

2. Ground the inputs of an unused NAND gate or inverter and use the out- 
put as a -f-3 volt source. 

3. Connect unused inputs to one of the active inputs on the same gate. 
However, this results in. a higher leakage current due to the parallel 
emitters and should be considered as an additional unit load when cal- 
culating the loading of the driving gate. 

Connection of unjjsed inputs to the supply voltage, Vcc, is not advisable, 
since power supplies are subject to transients and voltage excursions which 
could damage the input transistor. 



NAND Gate and Power Amplifier Propagation Delays: The standard pulse 
(Figure 8) is distributed throughout a system in negative form to maintain 
the leading edge integrity. (Since the TTL gate drives current in the logic 
0 state, the falling edge is more predictable for timing purposes.) However, 
the standard pulse is of the wrong polarity for use as a clocking input to 
the type D and J-K flip-flops, requiring the use of a local inverter. Ordinarily, 
a NAND inverter is adequate. Where high fan-out is necessary, a M617 
Power NAND is lireferred. 

For applications requiring both high fan-out and critical timing the M627 
Power Amplifier is available. This module contains extremely high-speed 
gates which exhibit turn-on times differing by only a few nanoseconds. 

Simultaneity is desirable in clock or shift pulses distributed to extended 
shift registers or synchronous counters. 



TIMING CONSIDERATIONS 

Delays introduced by inverting gates and high speed power gates power am- 
plifiers are illustrated in Figure 8. (Delays are measured between threshold 
points.) 



233 



INPUT 
PULSE 



NAND OR POWER 
NAND GATE 



POWER 
AMPLIFIER 
M627 




STANDARD 
GATES 



HIGH SPEED 
GATES 



DELAY (NANOSECONDS) 




♦off 


TYP 


MAX 


TYP 


MAX 


18 


29 


8 


15 


. 7 




5 





Frgure 8. NAND Gate and Power Amplifier Delays 
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GENERAL PURPOSE MODULES 
FUNCTIONAL LISTING 



FUNCTION TYPE PAGE 



^_ GATES _^ 

Inverter Mill 245 

Inverter/Buffers M165 266 

High-Speed Power Inverter M611 315 

2- lnput NAND Gates M113 247 

3- lnput NAN D Gates M115 247 

4- lnput NAND Gates M117 247 
'8- Input NAND GATES M119 247 

High-Speed 2-lnput NAND Gates M133 252 

High-Speed 3-lnput NAND Gates M135 253 

High-Speed 4-lnput Power NAND Gates M137 254 

High-Speed 8-lnput NAND Gates M139 255 

4 lnput Power NAND Gates M617 316 

High-Speed 4-lnput NAND Gates M627 317 

AND/OR Gates M121 251 

NAND/OR Gates M141 256 

2-lnput NOR Gates M112 246 

4-lnput NOR Gates Mll6 250 

2-lnput AND Gates M1103 330 

4-input AND Gates M1307 333 

Exclustve-OR Gates Ml 125 331 

Logic Gate K113 394 

Logic Gate K123 394 

Logic Gate K124 394 

Inverter K134 394 

Inverter K135 394 

Inverter K138 394 



OPEN COLLECTOR GATES 

NAND/OR Gates M141 / 256 

2-lnput NAND Gates M113l/ 332 

See also the following modules described in other sections of this handbook. 

Gated 80 mA High Impedance NAND Gates M783 71 

80 mA High Impedance Buffers M798 80 

80 mA High Impedance NAND Gates Ml 500 82 

Gated 80 mA High Impedance NAND Gates M1501 84 



FLIP^FLOPS 



Five D-Type Flip-Flops M205 275 

Six D-Type Flip-Flops M206 276 

Five D-Type Flip-Flops M246 293 

Eight R/S Flip-Flops M203 273 

Three J-K Flip-Flops M202 272 

Four J-K Flip-Flops M204 274 

Six J-K Flip-Flops M207 278 

Dual 4- Bit Tri-State Registers M2001 338 
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FUNCTION 



TYPE ' _ PAGE 



FLIP-FLOPS (CONT'D.) 

Flip-Flop , 394 . 

Flip-Flop ^ 394 

Fllp-Flop 395 



SHIFT/ STORAGE REGISTERS 



Dual 4-Bit Shift Register M245 . 291 

Dual 4-Bit Multipurpose Shift Register M248 296 

Dual 64-Worcl x 4-Bit FIFO Serial Memory M2500. 340 

Flip-Flop Register ' K206 394 

Shift Register K230 ^ 395 



COUNTERS 



12-Bit Binary Up/ Down Counter 


M236 


283 


3-Digit BCD Up/Down Counter 


M237 


285 


Dual 4-Bit Binary Synchronous Up/Down Counter 


M238 


287 


Three 4-Bit Counter/ Register 


M239 


289 


Counter 


K210 


395 


Programmable Divider 


K211 


395 


4-Bit BCD/Binary Up/Down Counter 


K220 


395 



MULTIVIBRATORS 



Dual Delay Multivibrators 


M3020 


344 


Integrating One-Shot 


M306 


297 


Pulse Amplifier 


M602 


314 


M-Series-to-K Series Converter 


M671 


319- 


Dual Timers 


K302 


395 


On/Off Delays 


K303 


395 


One-Shots 


K323 


395 


Timer Control 


K371 


395 


Timer Control 


K373 


395 


Timer Control 


K374 


395 


Timer Control 


K375 


395 


Timer Control 


K376 


- 395 


Timer Control 


K378 


395 


CLOCKS ^ 


Variable Clock 


M401 


300 


RC Multivibrator Clock 


M403 


302 


Crystal Clock 


M404 


304 


Crystal Clock 


M405 


305 


Crystal Clock 


M4050 


346 



PULSE SHAPING 



Sch mitt Trigger M501 306 

K-Series-to-M-Series Converter (Schmitt Trigger) M521 308 

M-Series-to-K-Series Converter (Ont-Shot) M671 31^ 

Dry Contact Filters K580 363 

Dry Contact Filters K581 363 

Schmitt Trigger K501 396 
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FUNCTION 


TYPE 


PAGE 


MULTIPLEXERS 


Data Selector 


M1701 


334 


16-Line to 1-Line Data pelector 


M1713 


336 


DECODERS 


Binary to Octal/Decimal Decoder 


M161 


261 


Dual Binary to Decimal Decoder 


M163 


264 


4-Line to 16-Line Decoder 


M155 


257 


Binary-to-BCD and BCD-to-Bi nary Converter 


M230 


280 


Binary-to-Octal Decoder 


K161 


394 


ARITHMETIC 


Arithmetic/ Logic Unit 


M159 


258 


ALU Look-Ahe^d Logic 


M191 


269 


12-Bit Magnitude Comparator 


M168 


267 


Digital Comparator 


K174 


394 


LOGIC AMPLIFIERS 


Solenoid Driver 


M040 


240 


50 mA Indicator Driver ^ 


M050 


242 


Solenoid Driver 


M060 


243 


4- In put Power NAND Gate 


M617 


316 


NAND Power Amplifier 


M627 


317 


Gate Expander 


K003 


394 


Gate Expander 


K012 


394 


Gate Expander 


K026 


394 


Gate Expander 


K028 


394 


Reed Relay Drivers 


K265 


395 


High-Speed Power Inverter 


M611 


315 


Positive Level Cable Driver 


M660 


318 


Isolated AC Switches 


K616 


366 


DC Driver ' 


K652 


368 


DC Driver 


K657 


369 


DC Driver 


K658 


370 


5-Digit Display 


K675 


371 


COMMUNICATIONS 


EIA/CCITT Level Converter 


M594 


309 


1-Channel Transmit/Receive Optic-doupled 






Current Isolator 


M598 


312 


Teletype Receiver 


M706 


321 


Teletype Transmitter 


M707 


326 


Asynchronous Transceiver 


M7390 


359 


20 mA to DEC DFll? 


M5960 


352 


ISOLATION/ LEVEL CONVERSION 


Optic Isolator Input Module ^' 


M5864 


348 


Optic Isolator Output Module 


M6865 


355 


1-Channei Transmit/ Receive Optic-Coupled 






Current JjBplator 


^ M598 


312 
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FUNCTION , TYPE PAGE 



ISOLATION/ LEVEL CONVERSION (CONrO.) 


Dry Contact Filters 


K580 


363 


Dry Contact Filters - 


K581 


363 


Isolated AC Input Converters 


K579 


396 


MISCELLANEOUS 


Logic HIGH Source 


M002 


239 


Parity Circuit 


M162 


263 


Delay Line 


M310 


299 


K-Series-to-M-Series Converter 


M521 


308 


M-Series to-K- Series Converter 


M671 


319 


MSI Module Board 


W960 


373 


Universal Ternninator Board 


W964 


374 


Power Control Board 


6772 


376 


Fixed Memory 


K281 


395 


Diode Memory 


K282 


395 


Timer Component Board 


K990 


397 
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M002 
LOGIC HIGH SOURCE 



MISCELLA- 
NEOUS 

M SERIES 



Length: Standard 
Height: Single 
Width: Single 



+3V 
SOURCE 



D2 



10 



F2 



H2| 



{10) 
IjO] 

{iol 



J2 



K2i 



L2| 



M2l 



N2l 



P2 



R2i 



S2 



T2 



U2 



V2 



lOj 

{in 

{£] 
Co] 
fjo] 

0 



Power 

Volts mA (max.) Pins 

+5 16 A2 

GND C2, Tl 



To hold unused M Series TTL gate inputs HIGH, the M002 provides 15 out- 
puts at 4-3 volts (logic HIGH) on pins D2 through V2. Up to 10 unused M 
Series gate inputs may be connected to any one output. 

The M002 can also be used as pull-ups for open-collector outputs in a wired- 
OR situation. If an M002 circuit is driven by a gate, it appears as two TTL 
unit loads or 3.2 mA at ground. 

The following diagram shows one of the 15 identical circuits. 



MODULE 
PIN 



>3.aK 
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M040 
SOLENOID DRIVER 



LOGIC 
AMPLIFIERS 



M SERIES 



Length: Standard 
Height: Single 
Width: Single 



0 

Q 
CD 
CD 



D2. 



F2. 



H2, 



Q} 
(D 
CD 
CD 



J2. 



K2. 



L2. 



M2. 





H -V 
L 0 












H -V 
L 0 









V2 



i 



S2 



a--— 



i ^ j_ SUPPLY J 



Power 

Volts mA (max.) Pins 

+5 47 A2 

GND C2, Tl 

—15 9 B2 = 



The M040 contains two identical negative tiigh-voltage driver circuits. Each 
consists of a 4-input positive NAND gate that controls a PNP transistor 
switch. The switch is capable of sinking up to 600 mA of current to ground 
from an external power supply of up to —70 volts. One terminal of the load 
device (relay, etc.) must be connected to the external voltage, the other to 
the drive output. The positive terminal of the external supply connects to 
the module ground. 

APPLICATIONS 

The M040 can drive relays, solenoids, stepping motor windings and similar 
Inductive loads. / 

Restrictions: Not recommended for incandescent lamps. 



FUNCTIONS 

ON Condition: Each driver sinks current from the external circuit when all four 
control inputs are HIGH. The amount of current is determined by the exterrial 
voltage and load impedance. (The internal switch is a saturated PNP transis- 
tor.) Typical output voltage when sinking 0.6 A is —2 volts. 

OFF- Condition: When one or ^ore control inputs is LOW, the internal switch 
is a high Impedance and the output voltage approaches the external voltage 
source. The output circuit draws a small amount of leakage current (typically 
100 /lA for a 70-volt external supply). 
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Anti-Kickback: Pin V2 of the driver module must be connected to tlie externat 
supply so that the drivers will be protected from the back voltage gen^ated 
by inductive loads. If the wire to^the power supply is more than three feet 
long, it may have to be bypassed at the module with an electrolytic capacitor 
to reduce the pulse overshoot caused by the inductance of the wire. 

improving Recovery Time: If pin V2 is connected to the supply through a re- 
sistor, the recovery time of inductive loads can be decreased at a sacrifice in 
maximum drive voltage capability. Maximum rated supply voltage less actual 
supply voltage should be divided byiJoad current to find the maximum safe 
resistance. When both circuits on a module are used, the load current for the 
above Calculation is the sum of the currents. 

PRECAUTIONS 

Grounding: High current loads should be grounded directly at pin C2 of the 
M040, rather than at a frame or bus ground. 

Parallel Operation: No more than two circuits should be paralleled to drive 
loads beyond the current capabilities of single circuits. 

SPECIFICATIONS 

Current sinking capability: 600 mA per circuit, max. 
External supply voltage: 70 V do max. 

Circuit Delay: Typical propagation delay for each circuit is 5 (jls (between 
10% and 90% voltage points) for an external supply voltage of 70 volts. 
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M050 

50 m INDICATOR DRIVER 



Length: Standard 
Height: Single 
Width: Single 



LOGIC 
AMPLIFIERS 



M SERIES 





+3 


-V 






0 


0 





[Hi 



+3 -V 
0 0 



-SI® ^ 





+3 


-V 






0 


0 





jM2^ 


+3 


-V 






0 


0 





1® [D^ 





+3 


-V 


^ 




0 


0 





4h] ^ 





+3 


-V 






0 


0 







+3 


-V 


— 




0 


0 







«-3 


-V 






0 


0 





4i] [Lf^ 





+3 


-V 






0 


0 





mi 



»« 50 MA. -30V MAX. 



Power 

Volts mA (max.X Pin 

+5 47 A2 

GND C2 

^15 16 B2 



The M050' contains twelve transistor inverters that can drive miniature in- 
candescent bulbs such as those on an indicator panel. A LOW level on the 
input of the driver causes current to flow in the output. 

Restrictions: Do hot use to drive inductive loads (relays, solenoids). 



SPECIFICATIONS 

Each output is able to drive 50 mA into an external load connected to any 
voltage up to —30 volts. 
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M060 
SOLENOID DRIVER 



Length: Standard 
Height: Single 
Width: Single 



LOGIC 
AMPLIFIERS 



M SERIES 



1— 'N( 



H 

I 0 






— H 






•NOTE: PINS SI & S2 CONNECT 
TO A ^EXT SOURCE , 
SEE TEXT 



Volts 

+5 

GND 



Power 
mA (max.) 
80 

See Text 



Pins 

A2. El, E2, 
C2, Tl, Fl, F2^ 
SI. 62 » 
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The M060 module consists of four identical positive high-current driver cir- 
cuits. Each circuit contains an inverting gate that controls an NPN transistor 
switch. A low level, at any input, will turn on the switch which is capable of 
driving loads up to 1.2 amps to ground with external power supply voltages of 
up to +75 V dc. 

APPLICATIONS 

The M060 module can be used to drive relays, solenoids, and any similar 
inductive loads requiring current of up to 1.2 amps. 

It is not recommended for lamp-driving tasks; for this application, the M050 
module should be utilized. 

EXTERNAL POWER SUPPLY 

An external power supply must .be used to power the , loads. This supply 
may be a maximum of 75 V dc. In connecting the power supply, the positive 
terminal should be connected to pins SI and S2, and the n^ative terminal 
to ground. 

One side of the load device must connect to the externaLsupply and the 
other side to the driver output. 

FUNCTIONS 

ON Condition: Each switch activates the load device when the input is a 
logic Low, 0. In this condition, the circuit supplies current which is determined 
by the external power supply voltage and the load impedance. 

< 

OFF Condition: When the input is high, the switch is open and a high im- 
pedance exists. In this condition, there is a small amount of leakage current 
flow which is typically less than 100 /tA for an external supply voltage of 
75Vdc. 

CONNECTIONS arid PRECAUTIONS 

Note that the emitter and collector on each transistor switch, and the ex- 
ternal power supply inputs, each have two pin connections. These dual 
connections are required because of the high current capability of the cir- 
cuit. In each case, the pins should be tied together as shown by the dotted 
lines on the diagram. It should also be mentioned that the emitter connec- 
tions of each transistor switch must be connected to ground, preferably at 
pin C2 of the logic block. 

SPECIFICATIONS 

Current Capability: 1.2 amps per circuit (max) 
External Supply Voltage: 75 V dc (max) 
Circuit Delay: 10 ms (typical) — 15 /is (max) 
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Mill 




GATES 


INVERTER 








M SERIES 



Length: Standard 
Height: Single 
Width: Single 











































LU ^ 




1*^1 


















-[>- 



















Power 

Volts mA (max.) Pins 
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M112 
NOR GATE 



Length: Standard 
Height: Single 
Width: Singie 



GATES 



M SERIES 



to 



D1 



HI 



Q} 



H2 



J2, 



Ci 




K1 









+3V 






— ^ 







Power 

Volts mA (max.) Pins 

+5 50 A2 

GND C2, Tl 
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M113, M115, M117, M119 
NAND GATES 



Length: StandUrd 
Height: Single 
Width: Single 



GATES 



M SERIES 




J2. 



K2r 



W 



@ 



N2[ 




M113 2-INPUT HAND GATES 



+3V 





Power 




Volts 


mA (max.) 


Pins 


+5 


71 M113 


A2 


+5 


41 M115 


A2 


+5 


41 M117 


A2 


+5 


19 M119 


A2 


GNO 




C2, Tl 
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[1}BL 

[TfMl, 

0^ 



> 
> 



41 



[T}5?r 



> 
> 
> 



M1t5 9-INPUT NANO GATES 




03^ 




M117 4-INPUT KANO GATES 




03 



K2. 



L2. 



M2. 



CD 



03 



R2_ 



U2. 



3 



♦3V 
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M119 8-INPUT NANO GATES 



These modules provide general-purpose gating for the M Series, and are most 
commonly used for decodi ng, compariso n, and control. Each module per- 
forms the NAND function ( • B • C • U), depending upon the number of 

inputs. 
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M116 

6 4-INPUT NOR GATES 



Length: Standard 
Height: Single 
Width: Single 




Power 

Volts mA (max.) Pins 

+5 30 A2 

GND C2, 1 



GATES 



M SERIES 



The Ml 16 module consists of six high-speed, 4-input NOR gates. Pins Ul 
and VI provide separate logic HIGH sources (-f3V), each capable of holding 
up to 50 unused M Series inputs HIGH. 



SPECIFICATIONS 

Maximum propagation delay to a logic HIGH or LOW is 10 ns. 
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I would like additional information on the following products 



□ Please have a DIGITAL sales representative call. 



Name 



Title 




Dept. 




Company 


Street 


City 


State 




Zip 



Introducing DIGITAL'S Direct Sales Catalog. The world's first catalog to offer 
computers and computer-related products by mail, with off-the-shelf delivery. 

In addition to the conveniences of catalog buying, you also get a nifty dis- 
count, plus another if you send cash with your order. 

Products offered include LSMl microcomputers, logic modules, terminals, 
even things like cabinets, connectors, supplies, and accessories. 

For your free copy of DIGITAL'S Direct Sales Catalog, just fill in and return 
this card. Today. 



Name 



Title 




Dept. 




Company 


Street 


City 


State 




Zip 



058A 



No Postage 
Necessary 
if Mailed in the 
United States 



BUSINESS REPLY MAIL 

HRST CLASS PERMIT NO. 33 MERRIMACK, N.H. 



DIGITAL EQUIPMENT CORPORATION 
LOGIC PRODUCTS SALES SUPPORT 
MK1-2/E13 

MERRIMACK, N.H. 03054 



No Postage 
Necessary 
if Mailed in the 

United States 



BUSINESS REPLY MAIL 

RRST CLASS PERMIT NO. 33 MAYNARD, MASS. 



DIGITAL EQUIPMENT CORPORATION 
DIRECT SALES CATALOG 
COTTON RD. 
NASHUA, N.H. 0306O 



Attn: Circulation Dept. 




Length: Standard 
Height: Single 
Width: Single 



GATES 



M SERIES 





Volts 



Power 

mA (max.) Pins 
50 A2 

C2, Tl 



The M121 m odule contains six AND/ NOR gates which perform the function 
(A» B+C*D). By, proper connection of signals to the AND inputs, the ex- 
clusive OR, coincidence, and NOR functions can be performed. 



SPECIFICATIONS 

Propagation Delay: Typically 15 ns 
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M133 

TWO-INPUT NAND GATES 



Length: Standard 
Height: Single 
Width: Single 



A1. 



B1. 




El. 



02, 



m 



E2 



HI 



H2 



vi2. 



F2 




— 



Power 

Volts mA (max.) Pins 

+5 160 A2 

GNO C2. Tl 



The M133 provides general-purpose high-speed NAND gati 
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M135 

8 3-INPUT NAND GATES 



Length: Standard 
Height: Single 
Width: Single 



GATES 



M SERIES 



> 



02 



E2 



0 

[up 



H2 



(up- 
m HI 



ii2 



1.3' 



Ml 



> 



N2 



(u}!l 




IT? 



U2 



(Up 



V2 



> 



Power 

Volts mA (max.) Pins 

+5 100 A2 

GND C2.T1 



The M135 module consists of eight high-speed, 3-input, positive logic NAND 
gates. 

SPECIFICATIONS 

Maximum propagation delay to a logic HIGH or LOW is 10 ns. 
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M137 

^IX 4 INPUT NAND GATES 



Length: Standard 
Width: Single 
Height: Single 



GATES 



M SERIES 



OF 



1D1 



D2 



LII 



l£2 



1H2 



IHI 



K1 



lK2 



TM2 



IN? 



Nl 



1.3 




Power 

Volts mA (max.) Pins 

45V 100 mA A2 

ND C2,T1 



The M137 Module consists of six high-speed, 4-input positive logic NAND 
gates. 

Maximum propagation delay to a logic High or Low is 10 ns. 
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M139 

3 8 INPUT NAND GATES 



GATES 



M SERIES 



Length: Standard 
Height: Single 
Width: Single 



H2 



> 



J2 



1.3 



|E2 



[up- 



> 



1.3 



iT2 



♦ 3V 

SOURCE 




Power 

Volts mA (max.) Pins 

+5 SO A2 

GND C2, T 



The M139 module consists of three high-speed, 8-input, positive logic NAND 
gates. Pins Ul and VI provide two separate logic HIGH sources (+3 V.) each 
capable of holding up to 50 unused M Series inputs HIGH. 



SPECIFICATIONS 

Maximum propagation delay to a logic HIGH or LOW is 10 ns. 
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M141 
NAND/OR GATES 



Length: Standard 
Hei^t: Single 
Width: Single 



GATES 



M SERIES 



02. 
Ufa. 



UP- 
[[pa 



03^ 

02 



o 

O 
O 



(DSL 



43 



D>L 




:0 



|l.SK 



Power 

Volts mA (max.) Pins 

+5 117 A2 

GND C2, Tl 



The M141 provides NAf/o/OR gates arranged in four groups consisting of 
4, 4, 3, and 1 two-input NAND gates respectively. The outputs In each group 
are connected together to provide a wired OR for low levels. 



A maximum of four groups of gates can be connected together. Connection is 
made by merely connecting output pins together. The two-input NAND gate 
which is used in the M141 does not have the standard TTL ouput circuit, but 
only the lower half of the totem pole output. This alloyvs the outputs of these 
gates to be connected together and to share a cnpmon pull-up resistor. 

SPECIFICATIONS 
Propagation Delay: 70 ns max. 

Loading: The load resistor of each output presents 2 unit loads when con- 
nected to another output. For example, when four groups are connected 
together, 3 groups present two unit loads each to the fourth group, totalling 
6 unit loads. This leaves 1 unit load capability. 
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M155 

4 LINE TO 16-LINE DECODER 



DECODERS 



M SERIES 



Length: Standard 
Height: Single 
Width: Single 




Power 

Volts mA (max.) Pins 

+5 55 A2 

GND C2, Tl 



The M155 module decodes the binary value on the four input lines into one 
of sixteen mutually Exclusive outputs when both STROBE inputs, L2 and M2, 
are Low. The demultiplexing function is performed by using the four input 
lines to address the output line. When either STROBE input is HIGH, all 
outputs are HIGH. 

SPECIFICATIONS 
Propagation Delay 

From: To: 

Data Inputs (L2 & 1^42 Low) HIGH or LOW Output = 36 ns (max) 
Either STROBE Input HIGH or LOW Output = 30 ns (max) 
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M159 

ARITHMETIC/ LOGIC UNIT 



Length: Standard 
Height: Single 
Width: Single 



St 



M2 



HF 
El 

H} 

Si! 



HI 



Kt 



L2 



Ml 



IP 



R1 



T2 



S2 



A0 
At 
A2 
A3 

B0 
Bl 
82 
83 

S0 
SI 
S2 
S3 



ARITHMETIC/ LOGIC 
UNIT 
M159 



INPUT 
A 



INPUT 

B - 



RJNCTION 

SELECT 

CODE 



OUTPUT 



r FO 

Fl 
F2 
F3 



■qCARRY IN 

MODE 
L=ARITH 
H>L06IC 



COMPARE 



CARRY 
OUT 



CARRY 
PROPA- 
GATE 



CARRY 
GENERATE 



ARITH- 
METIC 



M SERIES 



R2 



P2 



N2 



J2 



{to] 



E2 



0 



F2 



4i2l 



K2 



*»OPEN COLLECTOR- 
DRIVES 10 UNIT LOADS LOW 



Power 

Volts mA (max.) Pins 

+5 150 A2 

bND 02, Tl 



The M159 can perform 16 word-oriented arithmetic operations and 16 bit 
oriented logic functions. Arithmetic operations are performed on two 4-tyt 
input words and an input carry to produce one 4-bit output word and a carry 
out In the logic mode the M159 looks like four 2-input functional gates. 
Where N indicates one out of four, the output Fn depends only on the inputs 
An,Bn, and the logic function code selected. 
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The M159 is fully cascadable. The CARRY OUT of the less significant M159 
should be connected directly to the CARRY IN of the next more significant 
Ml 59. The CARRY PROPAGATE and CARRY GENERATE output can be left 
unconnected or used with a carry look-ahead module. (See M191). 

The COMPARE output goes High whenever all the "F" outputs go High. This 
output is open-xollector so that it can be wire-AND connected when M159 
modules are cascaded. An example of how this output can be used is shown 
in the table below. 

When the arithmetic operation A minus B minus 1 is selected, the M159 can 
be used as a comparator. 



A and B 


COMPARE 


CARRY 


Data Inputs 


Output 


OUT 


A> B 


0 


0 


A = B 


1 


1 


A< B 


0 • 


1 



The maximum propagation delay from the "An"' or "Bn" bit input to the 
output bit "Fn" in the logic mode is 48 nsec. which does not change as 
M159's are cascaded. In the arithmetic mode, the maximum delay from the 
"A" or "B" word input to the "F" word output, CARRY OUT, or COMPARE 
is 50 nsec. which increases by 19 nsec. per additional cascaded M159 when 
carry look-ahead is not used. When carry look-ahead i$ used, the maximum 
additional delay is limited to 20 nsec. for up to three additional M159's. 

Table of Logic Mode Operations 
(MODE input = 1) 



(CARRY IN has no affect on Logic Mode Operations) 





Function 




NOTE that F 
mented when 


N is comple- 
the Function^ 


Complemented 
Function 




SELECTION CODE 




selection iioae is comple- 
mented 


SELECTION CODE 




S3 


S2 


SI 


so 


Bit Fn Equals 


Bit Fn Equals 


S3 S2 


SI 


SO 


0 


0 


0 


0 


An 


An 


1 1 


1 


1 


0 


0 


0 


1 


An and Bn 


An OR Bn 


1 1 


1 


0 


0 


0 


1 


0 


An and Bn 


An or Bn 


1 1 


0 


1 


0 


0 


1 


1 


0 


1 


1 1 


0 


0 


0 


1 


0 


0 


An or Bn 


An and Bn 


1 0 


1 


1 


0 


J 


0 


1 


Bn 


Bn 


1 0 


1 


0 


0 


i 


1 


0 


(An and Bn) 
OR 

(An and Bn) 


(An and Bn) 

OR 

(An and Bn) 


1 0 


0 


1 


0 


1 


1 


1 


An ANDBn 


An OR Bn 


1 o' 


0 


0 
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Table of Arithmetic Mode Operations 
(MODE Input = 0) 



Function 


Word F Equals 


SELECTION CODE 


CARRY IN = 1 


CARRY IN = 0 


S3 S2 SI SO 






0 0 0 0 


WORD A 


WORD A plus 1 


0 0 0 1 
n n 1 n 


A OR B 
A OR 6 


A OR B plus 1 
A OR S plus 1 


0. 0 1 1 


Minus 1 (2's 
Comp.) 


ZERO 


0 1 0 0 
0 10^ 1 


A plus (A AND B) 

(A OR B) plus (A 
ANDB) 


A plus (A ANDB) 

plus 1 
(A OR B) plus (A 

AND 6) plus 1 


Olio, 


A Minus B Minus 1 ^ 


A Minus B 


0 1 1 1 

1 0 0 • 0 

/ 


(A AND 5) minus 1 
A plus (A AND B) 


A ANDB 
A plus (A AND B) 
plus 1 


1 0 0 1 


A plus B 


A plus B plus 1 


1 0 1 0 
10 11" 


(A OR 6) plus (A 

ANDB) 
(A AND 8) minus 1 


(A OR 6) plus (A 
ANDB) plus! 
A ANDB 


1 1 0 0 


A Times 2 


A Times 2 plus 1 


110 1 
1 11 0 


(A OR B) plus A 
(A OR 1) plus A 


(A OR B) plus A 

plus 1 
(A OR B) plus A 

plus 1 N 


11 11 


A minus 1 


A 
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M161 

BINARY TO OCTAL/DECIMAL DECODER 



Length: Standard 
Height: Single 
Width: Single 



DECODERS 



M SERIES 



Hf 



m 
s 
0^ 



U1 



V2 



U2 



VI 



ENABLE 



BCD TO 
DECIMAL 
DECODER 



DECODED 
OUTPUT 



i 



2^ 



CODE 
INPUTS 



01 



E2 



a 



N2 



N1 



F2 



M2 



Ml 



H2 



0 

a 

{10] 



HI 



L2 



P2 



R2 



R1 



Power 

Volts mA (max.) Pins 

+5 120 A2 

GND C2, Tl 



The M161 is a functional decoding module which can be used as a binary-to- 
octal or binary-coded decimal (8421 or 2421 codes) to decimal decoder. 
Three ENABLE inputs are provided for selective enabling of modules in de^ 
coders of more than one octal or decimal digit. In the octal mode, the bit 2* 
input should be Connected to ground, which automatically inhibits the 8 and 
9 outputs. A HIGH and a LOW Vjersion of each output is provided. 
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The 2* input may be of decimal value 2, 4, 6, 8 as long as illegal combinations 
are inhibited before connections to the inputs, and the 4-2-1 part of the code 
is in binary. 

The typically propagation delay through the decoder is 55 nsec in the binary- 
to-octal mode, and 75 nsec in the BCD-to-decimal mode. The maximum delay 
in the BCD-to-decimal mode- is 120 nsec, frequency-limiting this module to 
SHMz when used in this fashion. The enable inputs can be used to strobe 
output data providing inputs 2° — 2* have settled at least 50 nsec prior to 
the input pulse. 
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M162 
PARITY CIRCUIT 



Length: Standard 
Height: Single 
Width: Single 



MISCELU- 
NEOUS 

M SERIES 



DA1A 
IN 



B1 



0^ 



1H 



2H 



4H 



Ci4L 
8H 
8L 



RftRITY 
ODD H 



ODD L 



DATA 
IN 



S 

0 
0 
0 



P2 



K2 



R2 



S2 



iM2 
T2 



N2 



IH 



2H PARITY 
ODD H 



Q2L 
4H 

C|4L 
8H 



ODD L 



U2 



0 



Power 

Volts mA (max.) Pins 

+5 102 A2 

GND C2, Tl 



The M162 contains two parity detector circuits. Each circuit indicates 
whether the binary data presented to it contains an ODD or EVEN numt>er 
of ONES. 

APPLICATIONS 

• Parity checking 

FUNCTIONS 

Indication of ODD PARITY is given by a HIGH level at pins Kl ^nd U2 re- 
spectively. Pins LI and V2, when HIGH, indicate EVEN PARITY or no input. 
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M163 

DUAL BINARY-TO-DECIMAL 
DECODER 



Length: Standard 
Width: Single 
Height: Single 



TBI 



2° dp 



22[TP 



BINARY 

TO 
DECIMAL 
DECODER 



AO 
Al 
A2 
A3 



20 Q}^ 



F2 



23(1} 



H2 



AO 
A] 



BINARY 

TO 
DECIMAL 
DECODER 



A2 
A3 



Volts 
+5V 
GND 



Power 
m A (max.) 
44 



Pins 
A2 

C2, Tl 
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The M163 Module consists of two binary-to-decimal decoder circuits, each 
of which accepts four inputs and provides 10 mutually exclusive outputs. 
The most significant 23 input can be used as an enable fujiction to jilow 
the circuits to be used as a binary-to-octal decoder. Outputs 0 through 7 will 
remain HIGH as long as input 2^ is HIGH. 

APPLICATIOr^ 

1-of-lO decoder or l-of-8 decoder with selected output Low. 
FUNCTION 

Each of 'the decoder circuits on the M163 Module accepts four active High 
BCD inputs and provides 10 mutually exclusive active Low outputs. All out- 
puts are High when binary codes greater than 9 are applied to the inputs. 
Refer to the truth table for input/output level sequences. 



TRUTH TABLE (EACH SECTION) 



Ao 


A, 


A. 


A3 


0 


1 


2 


3 


4 


5 


6 


7 


8 


9 


L 


L 


L 


L 


L 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


L 


L 


L 


H 


L 


H 


H 


H 


H 


H 


H 


H 


H 


L 


H 


L 


L 


H 


H 


L 


H 


H 


H 


H 


H 


H 




H 


H 


L 


L 


H 


H 


H 


L 


H 


H 


H 


H 


H 


{1 


L 


L 


H 


L 


H 


H 


H 


L 


L 


H 


H 


H 


H 


H 


H 


L 


H 


L 


H 


H 


H 


H 


H 


L 


H 


H 


H 


H 


L 


H 


H 


L 


H 


H 


H 


H 


H 


H 


L 


H 


H 


H 


H 


H 


H 


L 


H 


H 


H 


H 


H 


H 


H 


L 


H 


H 


L 


L 


L 


H 


H 


H 


H 


H 


H 


H 


H 


H 


L 


H 


H 


L 


L 


H 


H 


H 


H 


H 


H 


H 


'H 


H 


H 


L 


L 


H 


L 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H, 


L 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


L . 


L 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


L 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


L 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H^ 


H 


H 


H 


H 


H 


H 


H 



H = HIGH Voltage Level 
L = LOW Voltage Level 
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M165 
8 BUFFERS 



Length: Si.tandard 
Heigbt^-^ingie 
Width: Single 



GATES 



M SERIES 



0^ 



♦sv 

>\.5K 



0 



»5V 
ll.SK 



Power 
Volts mA (max.) 
+5 130 
GND 



♦5V ^ 



Pins 
A2 

C2, F2, J2, K2, 
M2, N2, Tl, T2 



{5] 



4l2l 



-Qo] 



The M165 module is designed for use with circuits having open-collector 
output stages. The module provides a pull-up resistor for the open-collector 
stage and buffers the output through an inverting gate and a noninverting 
gate. 

There are eight similar circuits on the M165 module. The value of the pull-up 
resistor on each input allows open-collector outputs which can sink at least 
10 mA, and have a total leakage not exceeding 1.3 mA, to drive the M165 
module, plus one other high-speed TTL load. 

SPECIFICATIONS 
Propagation Delay 

From: To: 

Input Inverting Output, HIGH or LOW = 10 ns (max) 

Input Noninverting Output, HIGH or LOW = 15 ns (max) 
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M168 

12-BIT MAGNITUDE COMPARATOR 



Length: Standard 
Height: Single 
Width: Single 



ARITH- 
METIC 



M SERIES 



TO MORE 
SIGNIFICANT ( 
COMPARATOR ^ 



□□□□□□mgqnpp 

St Rl PI N1 Ml Ll M J1 HI F1 El IDl 



{JSB_ 



A = B 12-BIT MAGNITUDE COMFARATOR 



JS2 JR2 JPZ JMZ Jm2 i J? Jip J»« JFZ JE2 JD2 

m □ Q m 0 0 mm mm m m 



LSB, 


^ A1 


A>B 




A°B 


m 81 




A<B 


» C1 









. FROM LESS 
) SIGNIFICANT 
COMPARATOR 



0J 



Power 

Volts mA (max.) Pins 

+5 250 A2 

GNd' C2, Tl 



The M168 IS-Bit Magnitude Comparator performs magnitude comparison of 
two 12-bit words. One of the three outputs, A > B, A = B or A < B will be 
high to indicate the relative magnitude of the two binary input words. 

The M168 Comparator may be cascaded to compare longer words. The out- 
puts T2, U2, and V2 should be connected to the corresponding inputs of the 
next comparator which are Al, 81, and 01 respectively. The inputs of the 
first comparator must all be made a logical "1"-. 

The propagation delay time from Data (A and B) to outputs is 48 nsec typical 
and 72 nsec maximum for one unit. 

When cascading the total typical time is 48 nsec plus 36 nsec per additional 
unit.* The total maximum time is 72 nsec plus 54 nsec per additional unit. 
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INPUTS OUTPUTS 



A >B 


A = B 


A < B 


Data 


A> B 


A = B 


A < B 


1 


0 


0 


A> B 


1 


0 


0 


1 


0 


0 


A = B 


1 


0 


0 


1 


0 


0 


A < B 


0 


0 


1 


1 or 0 


1 


1 or 0 


A > B 


1 


0 


JL 


1 or 0 


1 


1 or 0 


A = B 


0 


1 


0 


1 or 0 


1 


1 or 0 


A < B 


0 


0 


1 


0 


0 


1 


A> B J 1 


0 


0 


0 


0 


1 


A=;B 0 


0 


1 


0 


0 


1 


A<B 1 0 
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M191 

ALU LOOK-AHEAD LOGIC 



ARITH- 
METIC 



M SERIES 



Length: Standard 
Height: Single 
Width: Single 



CARRY , 
PROPAGATE i 
INPUTS 
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GENERATE 
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0^ 
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C PO 
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< CN 



C GO 
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C CN 
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LOGIC 
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CN*Z> 



P > 



G > 



CN*X> 
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M191 ALU LOOK- AHEAD LOGIC 



D2 
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E2 
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T22J GENERATE 



-0 



PRCHWoATE 



N2 T 7n CARRY 

-^tISIgener/ 



Power 

Volts nriA (max.) Pins 

+5 . 130 . A2 

GND C2,T1 
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The M191 contains two high-speed look-ahead units to be used to reduce 
the propagation delay of cascaded M159 Arithnnetic Logic Units for Arith- 
metic Mode operations. The propagation delay is the maximum delay time 
from "A" to "B" word input to the "F" word output or COMPARE output. 
This time is 50 ns for one ALU and increases by 19 ns for each additional 
cascaded ALU without use of the M191. This increase is due to the 19-ns 
delay from 'A" or "B" word input to the first CARRY OUT and the added 
19-ns delays to each succeeding CARRY OUT. However, when a look-ahead 
CARRY OUTPUT is substituted for an ALUJCARRY OUTPUT, this time in- 
crease is only 7 ns per additional ALU. These advanced look-ahead CARRY 
OUTPUTS are determined by the states of the CARRY GENERATE, CARRY 
PROPAGATE and CARRY IN inputs. 



APPLICATIONS / 

Figures 1 and 2 illustrate use of the module for up to 16-bit and 32-bit 
applications respectively. 
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G P 



TT 
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Figure 1. 16-Bit Application of M191 with M159. 



NOTES: 

1. Propagation Deia^ Time = 50 ns + 7 ns + 7 ns -f 7 ns = 71 ns 

2. CN-f-4 of most significant M159 (#4) becomes final CARRY OUT 

3. For 12-bit application, M159 #4 not used; for 8-bit application. M159 #3 and #4 not 
used. 
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Figure 2. 32-Bit Application of M191 with IVI159. 



NCTES: 

1. Propagation Dela/Time = 50 ns + 7 ns -f 7 ns + 7 ns + 19 ns + 7 ns + 7 n» + 7 ns = 110 ns 

2. CN+4 of most significant M159 (#8) becomes final CARRY OUT 

3. For 28-bit application, M159 #8 not used; for 24-bit application. M159 #8 and #7 not used, etc. 



M202 

TRIPLE J-K FLIP-FLOP 



Length: Standard 
Height: Single 
Width: Single 



FLIP-FLOPS 



M SERIES 




0 





K 











Volts 

+5 

GND 



Power 
mA (max.) 
57 



Pins 
A2 

C2, Tl 



The M202 contains three J-K flip-flops augmented by multiple- in put AND 
gates. 

APPLICATIONS 

• For general use^as gated control flip-flops or buffers. 

PRECAUTION 

Set and clear lines should be tied to "1" level when not used. 
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M203 
8 R/S FLIP-FLOPS 



FLIP-FLOPS 



M SERIES 



Length: Standard 
Height: Single 
Width: Single 




c s t 



R2 



S2 



0] 



CD 



C R 0 



< S 1 



C R q 



[I? 



-{B U}^ cs 



< R O 



■a cs „1 



P2 



a 



41] 



Power 

Volts mA (max.) Pins 

+5 55 A2 

GND G2, Tl 



The M203 fs made up of 8 R/S-type flip-flops. Each flip-flop Is made up of 
two 2-input NAND gates with cross-coupled outputs. 

APPLICATIONS ' 

• R/S fljp-flops provide an inexpensive method of storage. 

PRECAUTIONS 

Care must be taken not to place the SET and RESET inputs LOW at the 
same time. The last of the Inputs to go HIGH will determine the final state 
of the flip-flop. 

SPECIFICATIONS 

The propagation delay of the M203 is approximately 30 ns. 
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M204 

GENERAL-PURPOSE fiUFFER 
AND COUNTER 



FLIP-FLOPS 



M SERIES 



Length: Standard 
Height: Single 
Width: Single 



CD 
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IDI 
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-C C Jl 

— K o 0 
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c x» 








R 0 






[2] 
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— ^ 


C J> 








R 0 





Power 
Volts mA (max.) 
+5 74 
GND 



Pins 
A2 

C2. Tl 



The M204^contains four J-K type flip-flops, augmented by multiple-input 
AND gates. The gating scheme permits the formation of counters of most 
moduli up to 16, by simple connector wiring. Clock, present, iand input lines 
for each flip-flop are independent. A common CLEAR input is provided. 

APPLICATIONS 

• For general use as gated control flip-flops or buffers 

• Counters 

• Shift Registers ■ 

FUNCTIONS 

Input information is transferred to the outputs when the threshold point is 
reached on the^ trailing (negative going voltage) edge of the clock pulse. - 



274 



M205 

GENERAL-PURPOSE FLIP-FLOPS 



FLIP-FLOPS 



M SERIES 



Length: Standard 
Height: Single 
Width: Single 





D S , 
























4^ 



4to] 



4h1 




[IF 



Power 

Volts mA (max.) Pins 

+5 90 A2 

GND C2, Tl 

The M205 contains five separate D-Type flip-flops. Each flip-flop has inde- 
pendent gated data, clock, dc set, and dc reset inputs. 

APPLICATIONS 

• Storage -Registers 

• Counters and Shift Registers 

• Flags and Control Storage 



FUNCTIONS 

For each flip-flop, information present on the D input is transferred to the 
output when the threshold is reached on the leading (positive going voltage) 
edge of the clock pulse or level change. 

SPECIFICATIONS 

Information must be present on the D input 20 ns (max) prior to a standard 
clock pulse and should remain at the input at least 5 ns (max) after the 
clock pulse leading edge has passed the threshold voltage. Data transferred 
into the flip-flop will be stable at the output within 50 ns, maximum. Typical 
width requirement for the clock, dc reset and dc set pulses is 30 nsec each. 
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M206 

GENERAL-PURPOSE FLIP-FLOPS 



FLIP-FLOPS 



Length: Standard 
Height: Single 
Width: Single 
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W3 UNIT LOADS PER FLIP-FLOP 



M SERIES 






0 s , 





















Power 

Volts mA (max.) Pins 

+5 87 A2 

GND C2. Tl 



The M206 contains six separate 0-Type flip-flops. Each flip-flop has indepen- 
dent gated d^ta, clock, and dc set inputs. 

APPLICATIONS 

• Registers 

• Counters and Shift Registers-^ 

• Flags and Control Storage . 

FUNCTIONS 

For each flip-flop, information present on the D input is transferred to the 
output when the threshold is reached on the leading (positive going voltage) 
edge of the clock pulse. 
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Provision is made on tiie printed circuit board for clianging the configuration 
of the two CLEAR line^ to the flip-flops. Ail M206 modules are supplied with . 
the 3-3 configuration, but the grouping can be changed as follows. 



CONFIGURATION 


CLEAR 1 (Al) 


CLEAR 2 (K2) 


DELETE JUMPER 


ADD JUMPER 


3-3 


FFO, 1 & 2 


FF3, 4, & 5 






2-4 


FFO & 1 


FF2, 3, 4. & 5 


Al to FF2 


K2 to FF2 


1-5 


FFO 


FFl, 2, 3, 4,"lt 5 


Al to FF2 
Al to FFl 


K2 to FF2 
K2 to FFl 



A common CLEAR for all six flip-flops can be obtained by wiring pins Al 
and ^ together externally. 

PRECAUTION 

Any unused SET or RESET input should be connected to a logic HIGH source. 

Note that the loading of each CLEAR line is calculated on the basis of 3 
unit loads per flip-flop. For example, the 4-2 configuration results in 12 unit 
loads at input K2 and 6 unit lodds at input Al. 

SPECIFICATIONS 

Information must be present on the D input 20 ns (min) prior to a standard 
clock pulse and should remain at the input at least 5 ns (min) after the 
clock pulse leading edge has passed the threshold voltage. Data transferred 
into the flip-flop will be stable at the output within 50 ns, maximum. Minimum 
width requirement for the clock, dc reset and dc set pulses is 30 nsec each. 
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M207 

GENERAL-PURPOSE FLIP-FLOPS 



FLIP-FLOPS 



M SERIES 



Length: Standard 
Height: Single 
Width: Single 





FFI 






J 1 








HI 


C J> 




|Jt 


K « 0 





FF2 




W<Z UNIT LOADS PER FUP-FLOP 



Power 

Volts mA (max.) Pins 

+5 96 A2 

GNO C2. Tl 



The M207 contains six general-purpose J-K type flip-flops. 

APPLICATIONS 

• Buffers 

• Control Flip-Flops 

• Shift Registers 

• Counters 

FUNCTIONS 

A truth table for clock set and reset conditions appears below. Note that 
when the J and K inputs are both HIGH, the flip-flop cdmptements on each 
clock pulse. This makes the J-K flip-flop ideal for implementing ripple- 
counters by simply connecting the 1 output of one flip-flop to the C input 
of the next. 
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Two CLEAR inputs are provided, with jumper terminals for optional clearing 
in groups of 3 and 3 (standard), 4 and 2, 5 and 1, or 6 and 0. Provision is 
made on the printed circuit board for changing the configuration of the two 
CLEAR lines to the flop-flop. All M207 modules are supplied with the 3-3 
configuration, but the grouping can be changed as follows: 



CON- 
FIGURATION 


CLEAR 1 (Al) 


CLEAR 2 (K2) 




DELETE JUMPER 


ADD JUMPER 


3-3 


FFO, 1 & 2 


FF3, 4, & 5 








2-4 


FFO & 1 


FF2, 3, 4, & 


5 


Al to FF2 


K2 to FF2 


1-5 


FFO 


FFl, 2, 3, 4, 


& 5 


Al to FF2 
Al to FFl 


K2 to FFl 
K2 to FFl 



SPECIFrCATIONS 

J and K inputs must be stable duritig the leading-edge threshold of a 
standard CLOCK input and must remain stable during the positive state of 
the CLOCK. Data transferred into the flip-flop will be stable at the output 
within 30 ns (typical) of the CLOCK pulse trailing edge threshold (negative 
going voltage). 

Application of a LOW level to an R input for at least 25 ns resets the flip-flop 
unconditionally. 

PRECAUTION 

Any unused SET or RESET input should be connected to a logic HIGH source. 

r 
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M230 

BINARY TO BCD AND BCD TO 
BINARY CONVERTER 



Length: Standard 
Height: Double 
Width: Single 
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Power 
Volts mA (max.) 
4-5 860 
GND 



Pins 
A2 

C2, Tl 



•CAUTION 
Pins AB2 and BB2 on 
this module carry logic 
signals, not power; these 
pins may be bussed for 
negative power on cer- 
tain DEC computer sys- 
tem backplanes. 
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The M230 converts a binary number to its binary coded decimal equivalent 
or a binary coded decimal number to its binary equivalent. 

The maximum number that can be applied to the BCD^nput is 4095 which 
will result in all ones at the binary output. The maximum value of all ones 
applied to the binary input will result in the value 4095 at the BCD output. 
This converter utilizes a counting technique where the count frequency is 
typically 5 MHz. Therefore, the conversion time for the maximum number 
is typically 0.82 millisec. 

The M230 is fully cascadable. When using more than one M230 the Cout 
BIN. must be connected to the Cin BIN. and the Cout BCD must be connected 
to the Cin BCD of the next higher significant unit. Cm BIN. and Cm BCD of 
the least significant unit must be made a logic "1". Cout BIN. and Cout BCD 
of the most significant unit may be left open. 

CONVERSION CONTROL on pin ACl will cause a Binary to BCD conversion 
when connected to ground and a BCD to Bin^ conversion when connected 
to a logic "1" source. When cascading M230's, connect all CONVERSION 
CONTROL inputs in parallel. . . 

LOAD/ CONVERT on pin AAl reads the Input data when connected to a logic 
"1" level and starts the conversion when this input is returned to a logic 
"0" level. When cascading M230's, connect all LOAD/CONVEI^T inputs In 
parallel. 

CONVERSION COMPLETE on pin BT2 goes High when the conversion process 
is finished. 

There is no conversion complete signal when all- low inputs are entered. 
This is because the circuit is designed to return the counters to a low state 
when load/convert signal goes high which initiates a low at all BCD and 
Binary inputs and the counters on the input side are always counting down 
to Zero. If it is likely that a circuit is required to convert Zero, use the follow- 
ing external CQ(ifiguration which utilizes the M113 Module (described else- 
where in this Handbook). 



EXT OUT 
ON M230 * 
AV2 



NEW 

CONVERSION 
COMPLETE 



FROM AAl 
LOAD/CONVERT 
ON M230 




CONVERSION 
COMPLETE 
ON M230 
PIN BT2 



ALL LOaC IS 
LOCATED ON 
A M113 



• WHEN M230 MOOLiLES ARE CASCADED, THIS LINE 
CONNECTS TO THE MOST SIGNIFICANT MODULE 
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EXT. IN on pin AVI and EXT. OUT on pin AV2 convey conversion finished 
information between cascaded M230's. Tliis information travels from the 
most significant M230 to the least significant M230. Therefore, the EXT. IN 
of the most significant M230 must be connected to a logic "1" source. 
Each EXT. OUT is connected to the EXT. IN of the next less significant M230. 
The EXT. OUT of the least significant M230 is left unconnected. 

CLOCK CONTROL on pin AT2 of the least significant M230 should be enabled 
by connecting it to a logic "1" source. All others Should be connected to 
ground. 

The following is an ordered summary for operating a single M230: 

1. Make the conversion control (pin ACl) a logic "0" for converting Binary 
to BCD or a logic "1" for converting BCD to Binary. 

2. When converting Binary to BCD, connect the Binary number to the 
BINARY INPUTS and ground the BCD INPUTS. Conversely, when con- 
verting BCD to Binary, connect the BCD number to the BCD INPUTS and 
ground the BINARY INPUTS. 

3. Cm BIN., CiN BCD, EXT. IN, and CLOCK CONTROL inputs should be tied 
to a source of logic "1". The outputs Cout BIN., Cout BCD, and EXT. OUT 
should be left unconnected. 

4. Pulse the LOAD/CONVERT input with a positive pulse of 150 nsec. mini? 
mum pulse width. There is no limit on the maximum width of this pulse. 
Conversion begins on the negative going edge of this pulse. 

5. When converting Binary to BCD read the BCD OUTPUT for the BCD 
equivalent. For converting BCD to Binary read the BINARY OUTPUT for 
the Binary equivalent. The CONVERSION COMPLETE OUTPUT becomes 
a logic "1" when the conversion is through. 



/ 
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M236 

12-BIT BINARY UP/ DOWN COUNTER 



COUNTERS 



M SERIES 



Length: Standard 
Height: Single 
Width: Single 
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A2 

C2, Tl 



The M236 is a 12-bit synchronous binary up/down counter. It has a single 
control input that can switch the counting mode from up to down without 
disturbing the contents of the counter. The M236 is fully cascadable and 
programmable. Cascading simply involves paralleling the respective ENABLE, 
LOAD DATA, and UP/ DOWN signals while one CARRY-OUT signal drives the 
COUNT IN input of the next M236. 

APPLICATIONS 

The programmability of the M236 makes it ideal for use as a modulo-N 
divider. Modification of the count length is easily done by setting the DATA 
input lines to N and loading each time the count down reaches zero. When 
counting down the MAX-MIN output goes HiGI-l when all' twelve bits equal 
zero. 

FUNCTIONS 

COUNT IN: Counting occurs on a positive transition of the COUNT IN line. 
This input must remain LOW for at least 50 ns before the count. Time be- 
tween pulses can be no less than 50 ns. There is no maximum for pulse 
width or time between pulses. The maximum count frequency is 10 MHz. 

ENABLE: The ENABLE input permits counting while it is HIGH, and disables 
counting while it is LOW. Critical timing factors that must be observed when 
changing the enabled state are: 
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1. To enable counting, the ENABLE line must remain HIGH from 70 ns 
before to 30 ns/after the positive transition of the COUNT IN signal. 

2. To disable counting, the ENABLE line must go LOW at least 40 ns before 
the COUNT IN signal goes LOW, and remain LOW until at least 40 ns 
after the positive transition of the COUNT IN signal. 

LOAD DATA: The outputs assume the same state as their associated data 
inputs, independent of the count, when LOAD DATA goes LOW for at least 
50 ns. Loading data overrides all other input signals and may be done at 
any time. The maximum propagation delay from the LOAD DATA input to 
any output is 50 ns. The DATA inputs will have no effect upon the outputs 
within 15 ns after the LOAD DATA line goes HIGH. 

UP/DOWN CONTROL: A logic LOW on this line yields an up count. A logic 
HIGH on this line yields a down count. This control signal may be changed 
when the COUNT IN signal is HIGH. It must not be changed while the 
COUNT IN is LOW or during the 40 ns period before the COUNT IN signal 
goes LOW. 

CARRY OUT: When the counter has reached either the maximum up count 
state (4095 binary) or the minimum down count state (0000), the CARRY 
OUT signal follows the COUNT IN signal. The maximum delay time from the 
COUNT IN transition to the CARRY OUT transition is 6Q ns. 

MAX-MIN: This provides a logic HIGH output when the counter has reached 
either the maximum up count state (4095 binary) or the minimum down 
count state (0000). The maximum delay time for this output measured from 
the positive going edge of the COUNT IN signal is 120 ns. This signal is also 
used to accomplish look-ahead for very high speed operations. 

Cascading: When cascading M236's, the CARRY OUT should" be connected 
to the COUNT IN of the next more significant unit. Also, the respective 
LOAD DATA, UP/ DOWN, and ENABLE signals must be paralleled. 
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Length: Standard 
Height: Single 
Width: Single 
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The M237 is a 3-digit synchronous BCD up/ down counter. It has a single 
control input that can switch the counting mode from up to down without 
disturbing the contents of the counter. The M237 is fully cascadable and 
programmable. Cascading simply involves paralleling the respective ENABLE, 
LOAD DATA, and UP/ DOWN signals while one MAX/MIN signal drives the 
ENABLE input of the ne)rt'M237. 

APPLICATIONS 

The programmability of the M237 makes it ideal for use as a modulo-N 
divider. Modification of the count length is easily done by setting the DATA 
input lines to N and loading each time the count down reaches zero. When 
counting down the MAX/MIN output goes HIGH when all three digits equal 
zero. 

FUNCTIONS 

COUNT IN: Counting occurs on a positive transition of the COUNT IN line. 
This input must remain LOW for at least 50 ns before the count. Time be- 
tween pulses can be no less than 50 ns. There is no maximum for pulse 
width or time between pulses. The maximum count frequency is 10 MHz. 

ENABLE: The ENABLE input permits counting while it is HIGH, and disables 
counting while it is LOW. Critical timing factors that must be observed when 
changing the enabled state are: 
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1. To enable counting, the ENABLE line must remain HIGH from 70 ns 
before to 30 ns after the positive transition of the COUNT IN signal. 

2. To disable counting, the ENABLE line must go LOW at least 40 ns before 
the COUNT IN signal goes LOW, and remain LOW until at least 40 ns 
after the positive transition of the COUNT IN signal. 

LOAD DATA: The outputs assume the same state as their associated data 
inputs, independent of the count, when LOAD DATA goes LOW for at least 
50 ns. Loading data overrides all other input signals and may be done at 
any time. The maximum propagation delay from the LOAD DATA input to any 
output is 50 ns. The DATA inputs will have no effect upon the outputs within 
15 ns after the LOAD DATA line goes HIGH. 

UP/DOWN CONTROL: A logic LOW on this line yields an up count. A logic 
HIGH on this line yields a down count. This control signal may be changed 
when the COUNT IN signal is HIGH. It must not be changed while the 
COUNT IN is LOW or during the 40 ns period before the COUNT IN signal 
goes LOW. 

CARRY OUT: When the counter has reached either the maximum up count 
state (999) or the minimum down count state (000), the CARRY OUT signal 
follows the COUNT IN signal. The maximum delay time from the COUNT IN 
transition to the CARRY OUT transition is 60 ns. 

MAX-MIN: This provides a logic HIGH output when the counter has reached 
either the maximum up count state (999) or the minimum down count 
state (000). The maximum delay time for this output measured, from the 
positive going edge of the COUNT IN signal is 120 ns. This signal is also 
used to accomplish look-ahead for very high speed operations. 

Cascading: When cascading M237's, the CARRY OUT should be connected 
to the COUNT IN of the next more significant unit. Also, the respective 
LOAD DATA, UP/ DOWN, and ENABLE signals must be paralleled. 
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M238 
DUAL 4-BIT BINARY 

SYNCHRONOUS UP/ DOWN COUNTER 



COUNTERS 



M SERIES 



Length: Standard 
Width: Single 
Width: Single 
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GND C2, Tl 
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The M238 module consists of two identical 4-bit binary counters. Syncliro- 
nous operation is provided by having all flip-flops clocked simultaneously 
so that the outputs change coincidentally with each other. 

The outputs are triggered by a LOW to HIGH level transition of efther COUNT 
input. The direction of the counting is determined by which COUNT input 
is pulsed while the other COUNT input is High. 

The counters are fully programmable; that is, the outputs may be preset to 
any state by entering the desired data at the DATA inputs while the LOAD 
input is LOW. The output will change to agree with the DATA inputs inde- 
pendently of the COUNT pulses. This feature allows the counters to be used 
as modulo-N dividers by simply modifying the count length with the preset 
inputs. 

A CLEAR input has been provided which forces all outputs to the LOW level 
when a HIGH level is applied. The CLEAR function is independent of the 
COUNT arid LOAD inputs. 

These counters were designed to be cascaded without the need for any 
external circuitry. The counters can be cascaded by feeding the BORROW 
and CARRY outputs to the COUNT-DOWN and COUNT-UP iuputs respectively, 
of the succeeding counter. 



CARRY L = (QA H, QB H, QC H, QD H) • (COUNT UP L) 
BORROW L = (QA L, QB L, QC L, QD L) • (COUNT DOWN L) 



SPECIFICATIONS 
Refer to Table 1. 



TABLE 1 



Parameter 


From Input 


To Output 


Max. 


f max 






10 MHz 


^t set up 






25 ns 


tp 


Count- up 


Carry 


50 ns 


tp 


Count-down 


Borrow 


50 ns 


tp 


Either-Count 


Q 


50 ns 


tp 


Load 


Q 


50 ns 


tp 


Clear 


Q 


50 ns 



f max = Maximum Clock Freq. 

tp = propagation delay time, for either a High-going or Low-going output 
change. 

X 



288 



M239 

THREE 4-BIT COUNTER/ REGISTER 



COUNTERS 



M SERIES 



Length: Standard 
Height: Single 
Width: Single 

DATA A(Tp 



®OA 



4wIOB 




DATACOJ 
0*TAO[rHi 



Volts 



Power 

mA 

70.0 



Pins 
A2 

C2. Tl 
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The M239 Module consists of three high-speed, 4-f lip-flop stage elements 
suitable for use as a storage register or a counter. Each of the 12 flip-flops i 
has a data line input, and data information is entered by a COUNT/LOAD \ 
signal associated with each 4^bit stage. The output of the flip-flops assumes 
the logic state of the data inputs when the COUNT/LOAD input signal is High. 
When the COUNT/LOAD signal is Low, the data inputs are disabled, pro- 
vided the clock inputs are inactive^ 

The Qa output of each latch within a 4-stage element is connected to the 
toggle (T) input of the following latch. This allows the module to be used 
as a high-speed counter or serial-to-BCD converter. 

The counters will accept frequencies of 0-50 MHz at the CLOCK 1 input, and 
the transfer of information to the outputs occurs at the positive-going edge 
of this clock pulse. 

One CLEAR input is common to the eight latches in elements 1 and 2, and 
one CLEAR input is common to the four latches in the third element. When 
the CLEAR signal becomes a IHigh logic level, all. associated latch outputs 
will become Low regardless of the CLOCK 1 input level. 

APPLICATIONS 

Provides 12-bit data storage or a serial counter with 12-BCO outputs. All 
inputs and outputs are TTL or DTL compatible. 

FUNCTIOri 

When operated as a serial counter, the Qd output of a 4-latch element must 
be connected to the CLOCK 1 input of the following 4-latch element. The 
separate CLEAR inputs may also be externally connected to reset all latch 
outputs using one CLEAR input signal (High transition). Output Qa maintains 
10 unit load capability in addition to driving the CLOCK 2 input. Refer to the 
Function Tables for the output levels of each count. 

SPECIFICATIONS 

Input Voltage (max:): 5.0 Volts ± 5% 
Clock Frequency: 0-50 MHz 

FUNCTION TABLE 



CLOCK 
PULSE 


OUTPUTS 


Qd 


Qc 


Qb 


Qa 


0 


L 


L 


L 


L 


1 


L 


L 


L 


H 


2 


L 


L 


H 


L 


3 


L 


L 


H 


H 


4 


L 


H 


L 


L 


5 


L 


H 


L 


H 


6 


L 


H 


H 


L 


7 


L 


H 


H 


H 


8 


H 


L 


L 


L 


9 


H 


L 


L 


H 


10 


H 


L 


H 


L 


11 


H 


L 


H ' 


H 


12 


H 


H 


L 


L 


13 


H 


H 


L 


H 


14 


H 


H 


H 


L 


- 15 


H 


H 


H 


H 



NOTE: Output cdunt continues in sequence when Qd output is connected to 
the clock 1 input of next 4-latch element. 
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M245 
DUAL 4-BIT 
SHIFT REGISTER 



SHIFT/ 
STORAGE 
REGISTERS 

M SERIES 



Length: Standard 
Height: Single 
Width: Single 



K2 



(IF- 
[IF 



SERIAL IN 






Aqut 


Bin 


Bqut 




^OUT 


D|N 


OouT 




Dour 


CLOCK 




SHIFT 




LOAD 




RESET 





U2 



03 
[IP 



SERIAL IN 






A OUT 


A|N 




B|N 


Bout 


C|N 


^OUT 


0|N 


Dqut 




Oqut 


CLOCK 




SHIFT 




lOAO 




RESET 





I 



Volts 

+5 

GNO 



Power 

mA (max.) 
130 



Pins 
A2 

C2, Tl 
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The M245 module consists of two 4-bit shift registers with both serial ancT 
parallel data entry capability. They are shift-right only registers; that is, the . 
output data is shifted from A toward D. 

Three control modes are possible: serial shift right, parallel enter mode, 
and no change or hold mode. These control modes are chosen by inputs 
at the SHIFT and LOAD lines as shown in the Truth Table. 

In the serial mode of operation, data 'present at the SERIAL INput, when 
the SHIFT input is High, is loaded on the Low-going edge of the CLOCK 
pulse. 

In the parallel entry mode, data present at the data inputs A IN through D 
IN, when the LOAD line is High, is loaded on the Low-going edge of the 
CLOCK pulse. 

The hold mode is created by holding both the LOAD and SHIFT lines Low. 
By doing this, the CLOCK pulse will have no effect on the output, regardless 
of data present at the SERIAL IN puts or DATA INputs. 

A RESET line has been provided for the registers which will clear the internal 
flip-flop circuitry. 

SPECIFICATIONS 

10 MHz (max) 
50 ns (min) 
50 (min) 
25 ns (min) 

^ Propagation Delay 

From: To: 

CLOCK Output (HIGH or LOW) = 50ins (max) 



TRUTH 


TABLE 




CONTROL STATE 


LOAD 


SHIFT 


, Hold 


L 


L 


Parallel Entry 


H 


L 


. Serial Shift Right 


L 


H 



Transfer Rate = 

SHIFT Set-up Time = 

LOAD SET-up Time = 

DATA IN Set-up Time = 
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M246 

5 D -TYPE FLIP-FLOPS 



FLIP-FLOPS 



M SERIES 



Length: Standard 
Height: Single 
Width: Single 



|F1 



1m2 



C o 0 



L2 



CD 



K2 



A1 



F2 



1^^- — 


D S , 






C 0 























-Oi 



-Ml 



J2 



lV2 



[13| 
|U2 



0 1 



C 0 



D 5 , 



C 0 



E2 



IS2 



Power 

Volts mA (max.) Pins 

+5 160 A2 

GND C2, Ml. Tl 
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The M246 module contains five high-speed, general-purpose, D-type flip- 
flops. Each flip-flop has its SET(S), RESET(R), CLOCK(C), DATA(D), and out- 
puts brought out to separate pins. * 

The information at the D or DATA input is transferred to the 1 output on 
the positive-going edge of the CLOCK pulse. The CLOCK-triggering occurs 
at a voltage level of the CLOCK pulse and is jiot directly related to the transi- 
tion time of the positive-going pulse. 

SPECIFICATIONS ^ 

Clock Freq =35 MHz (max) 

CLOCK Pulse = 15 ns (min) 

SET Pulse = 25 ns (min) 

RESET Putee = 25 ns (min) 

DATA Set-up Time = 15 ns (min) 

Propagation Delay Time 

From: To: 
SET or RESET LOW o*- HIGH Output 
CLOCK LOW or HIGH Output 



' TRUTH TABLE (Each Flip-Flop) 



t„ 


t„+l 


INPUT 
D 


OUTPUT 
1 


OUTPUT 
0 


L 


L 


H 


H 


H 


L 



/ 



where: tn = bit time before CLOCK pulse 

where: tn+i = bit time after CLOCK pulse 

NOTE: The M246 module also contains a -|-3V logic High source at pin VI 
which can be used to tie up to 50 M Series inputs High. 



= 20 ns (max) 
= 20 ns (max) 
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M248 
DUAL 4-BIT 
MULTIPURPOSE SHIFT REGISTER 



Length: Standard 
Height: Single 
Width: Single 



SHIFT/ 
STORAGE 
REGISTERS 



M SERIES 



K1 



K2 



J2 



H2 



F2 



E2 



02 



SERIAL IN 

A 

B 

C 

D 

MODE CONTROL 

CLOCK 1 
CLOCK 2 



Ht 



-Ho) 



01 



Uf 
D} 

m 

Q 
CD 



U1 



VI 



V2 



U2 



S2 



R2 



P2 



N2 



SERIAL IN 

A 

B 

C 

D 

MODE CONTROL 
CLOCK 1 
CLOCK 2 



SI 



R1 



N1 



Power 

Volts mA (max.) Pins 

+5 130 A2 

GI«D C2.T1 



The M248 module consists of two 4-bit Shiff registers — multipurpose in the 
fact that they are capable of either serial or parallel entry, shifting right, or 
with simple external connections, shifting left. 

When a logic LOW |s applied to the MODE CONTROL input, a shift right op- 
eration is performed by clocking at the CLOCK 1 input. In this mode, serial 
data is entered at the SERIAL INput CLOCK 2 and parallel inputs A through 
D are inhibited. ~ 
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When a logic HIGH is applied to the MODE CONTROL input, it allows entry 
of parallel data through inputs A through D and CLOCK 2. This . mode per- 
mits parallel loading of the register or, with external interconnection, shift 
left operation. In this mode, shift left can be accomplished by connecting 
the output of each flip-flop to the parallel input of the previous flip-flop; that 
Is, D output to C input, etc., and serial data is entered at input D. 

Two clock inputs are available which permit separate clock sources to 
be used for the shift right and shift left modes. If both modes can be 
clocked from the same source, the clock input may be applied to both CLOCK 
1 and CLOCK 2. The transfer of information to the output pins occurs when 
the clock input goes from a logic High to a logic Low. 

SPECIFICATIONS 

Shift Freq = 10 MHz (max) 

Propagation Delay 

From: To: 

CLOCKS High or Low Output = 40 ns (max) 

Set-up Time: ^ 
SERIAL Input A, B, C, D = 20 ns (mm) 
MODE CONTROL with respect to CLOCKS = 25 ns (min) 
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M306 

INTEGRATING ONE SHOT 



Length: Standard 
Height: Single 
Width: Single 



MULTI- 
VIBRATORS 



M SERIES 



+3V 



K2 



J 



TRIG 



INTEGRATING 
ONE-SHOT 



6E2 



^D2 



k2 



EXT TIMING 
RESISTOR 



6M2 



EXT TIMING 
CAPACITOR 



Power 

Volts mA (max.) Pins 

+5 120 A2 

GND 02. Tl 



The M306 is a zero-retovery-time integrating monostabie multivibrator with 
complementary outputs. The M306 has the ability to respond to an input 
even while in the active state, so that successive inputs above a preset 
frequency can postpone the return to the inactive state indefinitely. 

FUNCTIONS 

The operation of the M306 is illustrated in the timing diagram shown^ below: 



INPUT APPLIED 
TO PIN H2 OR J2 



OUTPUT AT 
PIN T2 



+ 1.5V 



|TpD1 



♦1.5V 



♦1.5V 



5V 



Tl^e integration period is measured from the trailing edge of the input pulse 
to the trailing edge of the output pulse. The approximate integration time 
may be calculated by the following: 



t — .68 (R + 800 O) ( C -f 75 X 10-»F) + 70 x 10 ' Sec. 
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wh^re R is in ohms and C is in farads. The integration time is independent 
of the width of the input pulse. 

Timing Capacitors: Coarse adjustment of the integration period is accom- 
plished by customer-supplied capacitors which may be attached to module 
pins L2 and M2. When using polarized capacitors, the positive terminal 
should be connected to pin L2. Two split lugs are provided on the module 
for those customers who would like to permanently install the capacitor on 
the module itself. The minimum equivalent parallel resistance of capacitor 
leakage should always exceed 250K ohms. 

Timing Resistance: Fine adjustment of the timing period may be accom- 
plished by a multiturn potentiometer provided on the module. Provision is 
also made to allow the custorner to connect an external timing resistor or 
potentiometer between pins D2 and E2. When an external potentiometer 
is used, care should be taken to prevent the coupling of externally generated 
electrical noise into the module. The maximum resistance of the timing re- 
sistance, including the 20K ohm internally provided potentiometer, should 
not exceed 25,000 ohms. If an external timing resistor is not used, pins D2 
and E2 must be connected together. 

SPECIFICATIONS 

Trigger Duration: An input pulse of 30 ns will trigger the M306. TPDl = 
40 ns max. ' 

Output Duration: The minimum pulse width is 225 ns and maximum pulse 
width is limited only by capacitor leakage (40 sec is a typical maximum). 

Stability: The inherent temperature stability of the M306 is normally —.06% 
per degree C, exclusive of. the temperature coefficient of the timing ca- 
pacitor. \ 
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M310 
DELAY LINE 



Length: Standard 
Height: Single 
Width: Single 



MISCELU- 
NEOUS 



M SERIES 



{>T< 



8 8 Z 



o p 6 — u u b o u p u 



,J2 _lK2 L2M2N2P2R2S2TCU2V2 



_ STANDARD 
-CTl PULSE 
GEN. 



»«SEE TEXT 



STANDARD 



-0 ) PULSE 
GEN. 



Power 

Volts mA (max.) Pins 

+5 89 ^ A2 

GND C2, Tl 



The M310 consists of a tapped delay line with associated circuitry and two 
pulse amplifiers. The total delay is 500 nanoseconds with taps available at 
50 nanosecond intervals. 

APPLICATIONS 

• Timing pulse trains 
< • Pulse spacing 

FUNCTIONS 

The time delay is increased when the amplifier is connected to the delay 
line taps in ascending order as follows: J2, K2, L2, M2, N2, P2,. R2, 82, 
T2, U2, and V2. The tap J2 yields the minimum delay and the tap V2 yields 
the maximum delay. 

Loads J2-V2 designed to be loaded only by El or HI. They will not drive 
standard TTL loads. 

The pulse amplifiers are intended to be used to standardize the outputs of 
the delay line. The output of the pulse amplifier is a positive pulse whose 
duration is typically 50 to 200 nanoseconds. These amplifiers are not in- 
tended to be driven by TTL 10 logic. 
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M401 
VARIABLE CLOCK 



Length: Standard- 
Height: Single 
Width: Single 



H} 
H) 



K2 



J2 




VARIABLE CLOCK 



ENABLE 



VOLTAGE 
CONT 



CAP 
COM 



OUT^ 



N2 



M2 



INTLCAP 



R2 



S2 



Volts 

+5 

GND 



Power 
mA (max,) 
80» 



SEE TABLES 



Pins 
A2 

C2, Tl 



* usin^ printed circuit board revision E or later 



CLOCKS 



M SERIES 



E2 



02 



The M401 Variable Clock is a stable RC-coupled multivibrator which pro- 
duces standard timing pulses at adjustable repetition rates. 

Repetition rate is adjustable from 175 Hz to 10 MHz in five ranges. Internal 
capacitors, selected by jumper pin connections, provide coarse frequency 
control. An internal potentiometer provides continuously variable adjustment 
within each range. 

A 0 to 10 volt control voltage will vary the frequency over about 30% of 
,each frequency range. 

APPLICATIONS 

This module is intended for use as the primary source of timing signals in a 
digital system. 

FUNCTIONS 

Start Control: A two-input OR gating input is provided for start-stop control 
of the pulse train. A level change from HIGH to LOW with fall time less 
than 400 ns is required to enable the clock. 

Frequency Range: 



Frequency Range 


Interconnections Required 


1.5 MHz to 10 MHz 


(100 pf) 


NONE 


175 KHz to 1.75 MHz 


(1000 pf) 


N2 — R2 


17.5 KHz to 175 KHz 


(.01 iifd) 


N2 — S2 


1.75 KHz to 17.5 KHz 


(0.1 fifd) 


N2— ■T2 


175 Hz to 1.75 KHz , 


U.Onfd) 


N2 — P2 
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Fine Frequent Adjustment: Controlled by an internal potentiometer. No pro- 
vision is made for any external connections. An external capacitor may be 
added by connection between pins N2 and C2. 

Voltage Control of Frequency: The M401 may also be voltage controlled 
by applying a control voltage to pin M. This feature is available only in 
M401 modules using printed circuit board revision E or later. The volt&ge 
applied to pin M should be limited to the range of 0 volts to +10.0 volts. 
This voltage swing will allow the frequency to be shifted by approximately 
30 percent in the frequency range using the internal capacitors of 1.0, 0.1, 
0.01 and 0.001 /xF. If the voltage applied to pin M is dc or low frequency 
(below 1 kHz), pin M will appear approximately as a +1.0 volt source with 
a Thevenin resistance of 800 ohms. Modulating the M401 with a 10 volt 
P-P signal about a center frequency, as derived by the application of a mean 
voltage of +5 volts to pin M, will yield a typical frequency excursion in ex- 
cess of plus or minus 15% about the center frequency. Typical frequency 
excursions which may be obtained are shown below: 



Voltage CAPACITOR 
applied to 



Pin M 


1.0 ufd. 


0.1 ufd. 


0.01 ufd. 


.001 ufd. 


0 


1.000 


10.00 


100.0 


1000 


+1 


1.054 


10.49 


104.6 


1036 


+2 


1.101 


10.94 


109.2 


1071 


+3 


1.147 


11.39 


113.6 


1108 


+4 


1.193 


11.83 


118.0 


1142 


+5 


1.238 


12.26 


122.2 


1181 


+6 


1.282 


12.69 


126.4 


1271 


+7 


1.325 


13.10 


130.4 


1295 


+8 


1.368 


13.50 


134.2 


1312 


+9 


1.408 


13.87 


137.7 


1322 


+10 


1.443 


14.20 


140.9 


1323 


Output frequency 
in KHz 



SPECIFICATIONS 

Maximum delay from enabling inputs to output E2 is 50 nanoseconds. The 
output pulse width is 50 nanoseconds. y 
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M403 

RC MULTIVIBRATOR CLOCK 



Length: Standard 
Height: Single 
Width: Single 



CLOCKS 



M SERIES 



df 



H2 



E2 



SPLIT 
LUGS 



EXT CAP 
(PULSE WIDTH) 



ENABLE 



CLOCK 
OUT 



FREQ. 



^XT CAP INTLCAP ^p- 

CAP COM A B C 



SPLIT 








LUGS 








-® 








K2 


S2 


L2 


M2 



F2 



{U 



d2j 



Power 

Volts mA (max.) Pins 

+5 70 A2 

GND ^ C2, Tl 



The M403 is an RC Multivibrator Clock which produces standard 10-micro- 
second timing pulses at repetition rates adjustable from 1 kHz to 50 kHz 
in three ranges. Internal capacitors, selected by jumper pin connections, pro- 
vide coarse frequency control, while an internal potentiometer provides con- 
tinuously variable adjustment within each range. 

APPLICATIONS 

This module can be used as a source of digital timing signals. 
FUNCTIONS 

ENABLE Input: The clock circuit is enabled by a HIGH levet on pin H2. If a 
LOW level is applied to pin H2, the clock output at F2 will time out and 
return to ground and the output at pin J2 will time out and go HIGH. To 
prevent an erroneous count, pin H2 should not be retriggered for one com- 
plete period. This will allow the circuit to settle. 

Selecting Frequency Range: The frequency range is selected by jumpers at 
backplane pins: 

FREQUENCY RANGE INTERCONNECTION REQUIRED 

1 kHz to 5 kHz N2 — 82 

5 kHz to 20 kHz M2 — 82 

20 kHz to 50 kHz L2 — 82 
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Lowering Frequency: If frequencies below the capabilities of this circuit are 
necessary, external capacitance can be added. Time 2 (see illustration) can 
be changd by installing capacitors to the split lugs provided or between pins 
K2 and S2. New timing values can be calculated using the following 
equation: 



T1- 



T2- 



CtJOCK H OUTPUT 
T2=0.32RCCl+0.7/R) 



T2 is in seconds, R is in ohms, and C is in farads. The internal potentiom- 
eter varies between 5. IK and 50K ohms. 

Increasing Pulse Width: Larger pulse widths can also be obtained by adding*> 
capacitance to the other set of split lugs provided or between pins E2 and 
D2. The same" equation as above may be used for Tl with the following 
exception: 

C = 4.7 picofarads + capacitance added ^ 

SPECIFICATIONS 

Rise Time: 25 ns (max.) 

Fall Time: 25 ns (max.) 
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M404 
CRYSTAL CLOCK 



Length: Standard 
Height: Single 
Width: Single 



CLOCKS 



M SERIES 



CLEAR Q}^ 



2 MHz 
CLOCK 



RESET 



DIVIDER 
CIRCUIT 



Power 
Volts mA (max.) 
+5 535 
GND 



U2 



{jo]2MHi 



-^2_|io]500KHi 



P2 



{l0]l25KHx 

-» '^*2^50KHz 

■* '^-(l0]25KHz 



K2 



{io]l2.5KHz 
-^2-(ro]lOKHz 



B2*i 



Pins *CAUTION 
A2 This pin may connaet to 

C2, Tl negative power on cer- 
tain DEC computer sys- 
tern backplanes. 



The M404 clock contains a 2 MHz crystal oscillator and frequency dividers. 

A HIGH on the CLEAR input clears the frequency divider and all outputs go 
LOW except the 2 MHz output, which is not affected. , 

SPECIFICATIONS 

Accuracy: Maximum error from specified output frequency is 0.01% between 
0 degrees C and +55 degrees C. 
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M405 
CRYSTAL CLOCK 




Length: Standard 
Height: Single 
Width: Single 



CLOCK 



K2 



H2 



C 



02 



E2 



Power 
Volts mA (max.) 
4-5 50 
GND 



Pins 
A2 

C2. Tl 



The M405 employs a crystal oscillator to provide a highly stable 10 MHz clock 
signal. 

APPLICATIONS 

• . •'Stable clock frequencies 

FUNCTIONS 

Outputs: Outputs at pins D2 and E2 are respectively positive and negative 
going 50 ns pulses. Pulses at pins 02 and E2 are time shifted by one gate 
delay with the negative pulse at pin E2 leading the positive pulse at D2 by 
a maximum of 20 ns. The output pulse width can be modified by the ad- 
dition of an external capacitor between pins K2 and H2. This capacitor will 
increase the output pulse width by approximately 1 ns per 2.5 pF of addi- 
tional capacitance. 

SPECIFICATIONS 

Frequency Stability: 0.01% of crystal value between 0 degrees C and +55 
degrees C. 

Standard Frequency: 10.000 MHz. 



NOTE 

It is recommended that the M4050 be used in 
place of the M405 for all new designs m which 
frequencies of up to 5 MHz are required. 
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M501 
SCHMITT TRIGGER 



PULSE 
SHAPING 



M SERIES 



Length: Standard 
Height: Single 
Width: Single 



/ 



SWITCH INPUT 
TIME CONSTANTS 



S2, 



7MS 

U2^ 



3.5 MS 



INPUT 
— o — -o- 
T2 R2 



SCHMITT 
TRIGGER 



R1 

680 



+5V 



R2 
120 



L2 



R3 
230 



M2 



F2 



® 



OUTPUT 



E2 



Go] 



[a] ^analog inputs 



UPPER yOWER 
THRESHOLD » 



Volts 

+5 

GND 



Power 

mA (max.) Pins 
31 A2 
C2 



The M501 is a Schmitt Trigger with variable thresholds and complementary 

positive logic outputs. 

APPLICATIONS 

• Switch Filter 

• Pulse Shaper 

• Threshold Detector 

FUNCTiONS 

The input on pin R2 is compared with the thresholds set on pins 12 and 
M2 UPPER and LOWER respectively. 

Pin F2 goes to LOW when the input on R2 rises above the UPPER THRESH- 
OLD, having been below the LOWER THRESHOLD. 

Pin F2 rises to +3 volts when the input on R2 falls below the LOWER 
THRESHOLD, having been above the UPPER THRESHOLD. 

Pin E2 is the complement of F2. 

Miscellaneous Input^Functlons: An integrator is provided on the input, allow- 
ing switches to be connected to the Schmitt Trigger with contact bounce 
effects eliminated. Two switch time constants are provided. Inputs to pin S2 
result in a 7 mstime constant^to pin U2 3.5 ms. 
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Oscillator Connection: Connecting a resistor from output pin F to input pin R 
with pin T tied to pin R forms an oscillators^ 



300 a 

MAX. > R2 



+5V 



P2 




SPECIFICATIONS 

Input Signal Scoring: The voltage on pin R2 is limited to plus or minus 20 
volts.' 

Thresholds: The UPPER and LOWER THRESHOLDS are preset at 1.7 and 1.1 
volts. They may be modified by the addition of a resistor in parallel with the 
internal network; however, the UPPER THRESHOLD must not exceed 2.0 
volts or the LOWER THRESHOLD fall below 0.8 volts. 



R IN PARALLEL WITH 
R PARALI,EL 
R PARALLEL 



R2 — THRESHOLD CLOSER 
Rl — UPPER RISES 
R3 — LOWER FALLS 



Input Pin R2 Loading: 2.7K ohms to +5 volts or 1.8 mA at ground. 

Pin P2 AND EXPAND input 

Pin N2 OR EXPAND input 

Pin S2 RC SWITCH input filter 7 ms 

Pin U2 RC SWITCH input filter 3.5 ms 

Pins L2, M2 are available for threshold modification 
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M521 

K TO M CONVERTER 
(SCHMITT TRIGGER) 



Length: Single 
Height: Single 
Width: Single 



PULSE 
SHAPING 

M SERIES 





K M 













K M 











m 



.(3}! 





K M 











JU2 ^ 


K M 











-Oo] 



REPRESENTS 3K SERIES LOADS OR 
2M SERIES LOADS 



Power 

Volts mA (max.) Pins 

+5 56 A2 

QND C2 



The M521 K Series to M Series Converter contains four Schmitt Trigger cir- 
cuits which can convert any K Series signal to complementing M Series 
signals. 

APPLICATIONS 

• Schmitt Trigger 

• Rise Time Conversion — K to M Series 
FUNCTIONS 

Typically, the output of a K Series gate would have a 7 ms rise time and a 
1.5 ns fall time. The M521 speeds both these rise and fall times to approx- 
imately 15 ns. The input circuit has built-in hysteresis and is slowed to a 
maximum frequency of 100 KHz. 
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M594 

EIA/CCITT LEVEL CONVERTER 



COMMUNI- 
CATIONS 



M SERIES 



Length: Standard 
Height: Single 
Width: Single 



8 LINE EIA OR CCITT TO TTl 



EIA/CCITT 
LEVELS 




Vttl 
'levels 



••resistors R1-R8 
NOT SUPPLIED 
WITH MODULE 

• SEE LOADING 
FACTORS 
I 



Power 

Volts mA (max.) Pins 

+5V 125 A2 

GND C2,T1 
+15V 25 
—15V 25 
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TTl 
LEVELS 



7 LINE TTL TO ElA OR CCITT 



CD=M>— :Q> 



♦ 8VDC 
TO 
♦18VDC 



-8V0C 
TO 
-18VDC 



N1 



VI 



Ul 



T2 



7 LINE TO 
EIA/CCITT 



■jN2 ^ 


♦ V 






REGULATOR 





J82 ^ 


-V 






REGULATOR 





The M594 Module is used to convert the signal voltage levels between DIGI- 
TAL data processing terminal equipment such as the DFll Modem and data 
communications equipment such as a Bell data set. The M594 provides 
circuits to convert a maximum of eight ElA or CC4TT signal levels to eight 
DTL or TTL signals that are compatible with DIGITAL logic, and circuits to 
convert a maximum of seven DIGITAL, TTL, or DTL logic signal outputs to 
seven signals compatible with ElA or CCITT signal devices. Refer to ElA 
Standard RS-232-C for description of the selected signals. 

FUNCTION 

The eight-line ElA or CCITT to TTL converter receives input signals which 
can vary between +30 Vdc and —30 Vdc. Each input operates on a liysteresis 
curve or double threshold to prevent noise triggering. The threshold level is 
determined by the external bias voltage applied to pin Al of the module and 
by the value of resistors Rl through R8. A LOW (mark) EIA/CCITT input 
voltage produces a LOW (0) TTL compatible level output and a HIGH (space) 
input level results in a HIGH (1) TTL compatible level output. 

The seven-line TTL to ElA or CCITT circuits contain inverters and line drivers 
and can provide output signals which vary between a maximum of -j-lO Vdc 
and —10 Vdc from standard DTL or TTL logic inputs. Power to the line drivers 
is from two voltage regulator circuits contained on the M594. The positive 
external voltage supplied to the regulators can be any value between -|-8 Vdc 
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and -|-18 Vdc, and minus external voltage can be any value between —8 Vdc 
and —18 Vdc. A LOW (0) TTL compatible level input produces a LOW (mark) 
EIA/CCITT —10 Vdc level output and a HIGH (1) TTL compatible level input 
produces a HIGH (space) EIA/CCITT +10 Vdc output. 

APPLICATIONS 

Convert EIA or CCITT levels from Bell or Western Union Modems to TTL or 
DTL levels for data communications equipment. 

Convert TTL or DTL compatible levels to Bell or Western Union modem 
signals. 

Refer to the following curve for determining the value of resistors Rl through 
R8 which vary the input voltage threshold of the 8-llne EIA/CCITT to DTL 
level converter. The input voltage threshold, without resistors Rl through 
R8 recounted, is ±1.0 V. With a Vcc of —15 V on pin Al and a resistor 
value of 33K ohms in kl through R8, the input voltage threshold is approx. 
±2.5 V. 





Rc=5kn 
Vt=5V 




RC=13 
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= 5V 
25*C 
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Vj -INPUT VOLTAGE -V 

Vc applied to pin Al 



LOADING FACTORS 

EIA to TTL (Pins H2, Jl, K2, L2, M2, J2, E2, Fl) 

Input Voltage (Vi) High Level Input Current (Iih) 

+25 V 8.3 mA (max.) 

+3 V 0.43 mA (min.) 

, Low Level rinput Current (In) 

-25 V -8.3 mA (max.) 

-3 V -0.43 mA (min.) 

TTL to EIA (Pins PI, Nl, SI, VI, Ul, T2, R2) 

(Low level input voltage Vil = 0.8V, Load Resistor Rt = 3Kn) 

Vcc+ Vcc— Hlgh-Jevel output voltage Voh 

+9 V -9 V 6 V (min.) 

+13.2 V -13.2 V 9V(min.) 

(High level input voltage Vhl =1.9 V, Load Resistor 3Kn ' 

Vcc+ Vcc— Low level output vintage Vol 

+9 V -9 V -6 V (max.) 

+13.2 V -13.2 V -9V(max.) 
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M598 

1-CHANNEL TRANSMIT/RECEIVE 
OPTIC-COUPLED CURRENT ISOLATOR 



COMMUNI- 
CATIONS 



M SERIES 



Length: Extended 
Height: Single 
Width: Single 



TTl(7TV2_ 




20 mA CURRENT 
lOOP OUTPUT 



• SEE SPECIFICATONS 



20 mA CURREI 
LOOP INPUT 



NT® 



PR2 







CURRENT 






ISOLATOR 



Power 

Volts mA (max.) Pins 

+5V 100 A2 

GND C2. Tl 

—15V 40 B2 



The M598 modUle contains a single-channel transmit and a single-channel 
receive circuit capable of converting the data signals between a Teletype® or 
similar current loop device and TTL or DTL compatible logic circuits. The 
data signals transferred through each of the module circuits are optically- 
coupled to provide a maximum of 1500 V isolation between the current loop 
and the TTL logic. The transmitter receives serial TTL or DTL compatible 
levels and controls an output current loop with a maximum current of up 
to 80 mA. , 

The receiver circuit responds to input currients of a maximum of 80 mA from 
a Teletype or similar current loop device and provides serial TTL or DTL 
compatible signals at the output. 

The M598 module is supplied with jumper leads installed to operate as a 
passive element providing no current to the current loop device. By rewiring 
the jumper leads on the transmitter and receiver circuits, the module can be 
an active element and supply current from a -|-5 Vdc or —15 Vdc source. 
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APPLICATIONS 

Provides up to 1500 V isolation in the data and contrdi lines between TTL 
or DTL compatible logic and a current loop device such as a TTY. As an 
active element the M598 performs signal level conversion without isolation. 

FUNCTION 

A High level at input pin V2 of the transmitter opens the transistor in the 
output current loop. A Low level causes the transistor to conduct. No current 
flow at the input of the receive circuit results in a High level at output pin 
Dl and current flow at the input results in a Low level at pin Dl. 

SPECIFICATIONS 

Signals: The characteristics of the input and output levels and the current 
and voltage limits of the current loop are listed as follows. The 
- maximum transfer rate of the transmitter or receiver is 4.8 K baud. 

PIN NAME CHARACTERISTICS 

Dl Received Data, High output level = space = no current flowing in 
TTL levels current loop. 

V2 Transmitted Data High input level = space = no current flowing in 
TTL Levels current loop. 



LI Transmitted Data 
Most positive 

Ml Transmitted data, 
Most negative 

Nl Received Data, 

Most positive ' ' 

Receiver voltage drop — 2.5 volts 

PI Received Data Marking current 15 mA 80 mA 

Most negative Spacing current — 5.0 mA 

Connect the jumpers as indicated on the following table. 

CONNECT JUMPERS / 

Active** Passive* 

Transmitter ATI, AT2, AT3 PTl, PT2 

Receiver ARl. AR2, AR3i PRl. PR2 

* Jumpers inserted during rnanufacturing 
** Requires —15 V in this configuration 





Min 


Max 


Open circuit voltage 


5.0 volts 


80 V 


Transmitter voltage drop 






(marking) 


0.5 volts 


2.0 V 


Marking current 


207nA 


80 mA 


Spacing current , 


0.5 mA 


2.0 mA 




Min 


Max 
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M602 
PULSE AMPLIFIER 



Length: Standard 
Height: Single 
Width: Single 



MULTI- 
VIBRATORS 

M SERIES 



HZ 



J2 



KZ 



^ P2 ^ 



PA1 



PULSE AMPL 
INTL CAP ^ 



E2 



02 



Rft2 



J PULSE AMPL 
INTL CAP 



R2 



S2 



INTERNAL CAWttlTDRS* 
JUMPER E2-02 OR R2-S2 FOR 110ns 
PULSE WIDTH. STANDARD PULSE 
WIDTH IS SOrit. 



F2 



L2j 



Power 

Volts mA (max.) Pins 

+5 213 A2 

GND C2, Tl 



The M602 contains two pulse amplifiers which provide power ahnplification, 
and transform level changes into pulses. 

FUNCTIONS 

A negative pulse output is produced when the input is triggered by a transi- 
tion from HIGH to LOW. An internal capacitor is brought out to pin con- 
nections to permit the standard 50 ns output pulse to be increased to 
110 ns (nominal). 

SPECIFICATIONS ^ 

Propagation Time: 30 ns max. between input and output thresholds. 

Recovery Time: Equal to that of the output pulse width. The input must have 
a fall time (10% to 90% points) of less than 400 ns and must remain 
below 0.8 volts for at least 30 ns. Maximum PRF is 10 MHz. 
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M611 

HIGH SPEED POWER INVERTER 



GATES 



M SERIES ^ 



Length: Standard 
Height: Single 
Width: Single 



1.25 



Al 



1.25 



Dl 



1.25 



1.25 



a. 



1.25 



Jl 



H2 



1.25 



LI 



O 
O 

[> 



Bl 



HI 



K1 



J2 



Ml 



K2 



1.25 



Nl 



1.25 



R1 



1.25 



P2 



1.25 



S2 



1.25 



U2 




Power 
Volts mA (max.) 
+5 280 
GND 



Pins 

C2, Tl, CI, M2, N2 



lectlc 



Fourteen high speed Inverters with input/output connections as shown 

APPLICATIONS 

• Output Expansion 

• Logical Inversion 
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M617 

FOUR-INPUT POWER NAND GATE 



Length: Standard 
Height: Single 
Width: Single 



LOGIC 
AMPLIFIERS 



M SERIES 



— 













— 1 




'F* — 


■ ' -> 




)^ — 1 







J2( 



KL 



> 



Lit 











■jM2^ 


JN2^ 





Ml. 



N1. 



HI. 



SI I 



— 








1U2^ 













+3V 










Volts 


Power 
mA (max.) 
97 


Pins 
A2 

C2, Tl 



V2f: 



r 



The M617 contains 6 four-input NAND gates each capable of driving up to 
30 unit lo^ds. 

FUNCTIONS 

Physical configuration and logical operation are identical to the Mil?, 
SPECIFICATIONS 

Typical gate propagation delay is 15 ns. 
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M627 

NAND POWER AMPLIFIER 



Length: Standard 
Height: Single 
Width: Single 



LOGIC 
AMPLIFIERS 



M SERIES 








— i 

gi^* — 




— 









J2t 



— 

p% — 













LI I 





|R2. 



|S2. 



102. 



V2( 



Power 

Volts mA (max.) Pins 

+5 136 A2 

GND C2, Tl 



+3V 



U1 



The M627 provides six 4-input NAND gates that combine power amplification 
with high-speed gating. 

PRECAUTIONS , 

y 1. In pulse amplifier applications, unused inputs should be connected 
to the +3 volt pins provided. 
2. To utilize the timing accuracy of this module, wire runs of minimum 
length are recommended. 

SPECIFICATIONS 

Propagation Time: Typically 6 ns between input and output transitions. 
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M660 

POSITIVE LEVEL CABLE DRIVER 



Length: Standard 
Height: Single 
Width: Single 



LOGIC 
AMPLIFIERS 



M SERIES 




Power 
Volts mA (max.) 



Pins 

A2 

C2 



The M660 Cable Driver consists of three NAND gate circuits each of which 
will drive a 100-ohm terminated cable with"M Series levels or pulses of dura- 
tion greater than 100 ns. The output is not open-collector, it is a discrete 
transistor totem pole configuration similar to an IC gate providing high cur- 
rent drive in both the high and low directions. 



SPECiFICATiONS 

Outputs: Can sink 50 mA at a logic LOW, and can source 50 mA at a logic 
HIGH. 
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M671 

M TO K CONVERTER 
(ONE-SHOT) 



Length: Standard 
Height: Single 
Width: Single 



L2 



(3 
Q} 



R2 



P2 



(3 
CD 



U2 



T2 



ENABlEy 



r-H(-T 



DELAY 



i^ SPLIT 1 
® LUGS <^ 



DELAY 



DELAY 



MULTI- 
VIBRATORS 



M SERIES 




®*|TYP) 



H2 



J512_ 



M2 



S2 



V2 



* WILL DRIVE 9 M SERIES LOADS" 
OR 15 K SERIES LOADS 



Power 
Volts mA (max.) 
+5 112 
GND 



Pins 

A2 

C2 



The M671 M Series to K Series Converter contains four pulse stretching cir- 
cuits which can convert an M Series input puise of duration exceeding 50 ns 
to complementary K Series output pulses of 10 to 15 /ts. 

FUNCTIONS 

Triggering: V^hen the ENABLE input is HIGH, the delay is triggered by the 
negative-going edge of the trigger input pulse: 
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■ INPUT 



Ol 

r 



OUTPUTS 



This circuit is insensitive to input transitions during its timeout period as 
shown in the example above. 

Increasing Output Pulse Width: Non-electrolytic capacitors can be connected 
to the split lugs provided in each circuit if K Series output pulse widths 
longer than 15 ^s are desired. Pulses of up to 40 seconds are possible using 
this technique. When capacitance is added, the output pulse width is In- 
creased by 6400 C seconds where C is the capacitance added in farads. 

Precautions: Unused inputs should be connected to logic levels that will hold 
them in their unasserted states. Unused inputs that would be asserted High 
should be grounded. Unused inputs that would be asserted Low should be 
connected to a source of logic High. Also refer to "Unused Inputs" in the 
alphabetical index. 



SPECIFICATIONS 

Output drive: Each output is capable of driving a 15 mA load. 
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M706 
TELETYPE RECEIVER 



Length: Standard 
Height: Double 
Width: Single 



COMMUNI- 
CATIONS 



M SERIES \ 



ENABLE DSQ} 
READER 0N(T|^ 




FLAG STROBE [7]2^ 
aEAR FLAG 
CLEAR FLA82|T}i 

CLOCK rri 
8X BAUD Hi 

ENABLE (T}5S1 

I/O cleah|T}S£^ 



SERIAL fTTBMi 
INPUT l±r^ — 

BUFFER 



M<THiS OUTPUT CAN DRIVE A 
ZOmA LOAD T0<07 VOLTS 



Volts 

+5 

GND 



Power 
mA (max.) 
400 



Pins 

AA2, BA2 

AC2, ATI, BC2, BTl 



{m] READER RUN 



-^STROBED FLA6 
®FLAG 



NOTE: Refer to the M7390 module description a$ a possible substitute for the M706. 
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The M706 Teletype Receiver is a serPai-to-parailel teletype code converter self 
contained on a double height module. This module includes all of the serial- 
to-parallel conversion, buffering, gating, and timing (ej^cluding only an external 
clock)necessary to transfer information in an asynchronous n^nner between 
a serial data line or teletype device and a parallel binary device. Either a 
5-bit serial character consisting of 7.0, 7.5, or 8.0 units or an 8-pit serial 
chara.cter of 10.0, 10.5, or 11.0 units can be assembled into parallel form 
by the M706 through the use of different pin connections on the module. 
When- conversion is complete, the start and stop bits accompanying the serial 
character are removed. The serial character is expected to be received with 
the start bit first, followed by bits 1 through 8 in that order, and completed 
by the stop bits. Coincident with reception of the center of bit eight, the 
Flag output goes low indicating that a new .character is ready for transmission 
into the parallel device. The parallel data is available at the Bit 1 through 
Bit 8 outputs until the beginning of the start bit of a new serial character as 
received on the serial input. See the timing diagram of Figure 1 for additional 
information. 

Jfi addition to the above listed features, the M706 includes the necessary 
logic to* provide rejection of spurious start bits less than one-half unit long, 
and Italf-duplex system operation in conjunction with the M707. Device 
selectbr gating is also provided so that this module can be used on the 
positive I/O bus of either the PDP8/I or t>ie PDP8/L. 

Inputs: Ail inputs present one TTL unit load except where noted. When input 
pulses are required, they must have a width of 50 nsec or greater. 

Clock: The clock frequency must be eight times the serial input bit rate 
(baud rate). This input can be either pulses or a square wave. Input loading 
on the clock line is three unit loads. 

Enable: This input when brought to ground will inhibit reception of new char- 
acters. It can be grouif^d any time during character reception, but returned 
high only between the time the Flag output goes to ground and a new char- 
^ter start bit is received at the serial input When not used this input should 
be tied to a source of +3 Volts. 

I/O CJear: A high level or positive pulse at this input clears the Flag and 
initializes the state of the control; When not used, or during reception, this 
input should be .at ground. 

Code Select Inputs: When a positive AND condition occurs at these inputs 
the following signals can assume their normal control functions — Flag Strobe, 
Read Buffer, and C\esr Flag 1. Frequently these inputs might be used to 
multiplex receiver modules when a signal like Read Buffer is common to 
many modules. The inputs can also be used for device Selector inputs when 
the M706 is used on the positive I/O bus of the PDP8/I or PDP8/L. The code 
select inputs must be present at least 50 nsec prior to any of the three 
signals that they enable. If it ivdesired to bypass the code select inputs, 
they can be left open and the Enable D.S. line tied to ground. 

Clear Flag 1: A high level or positive pulse at this input while the code select 
inputs are all high, will clear the Flag. When not used, this line should be 
grounded. Propagation delay from input rise until the Flag is cleared is a 
maximum of 100 nsec. The Flag cannot be set if this input is held high. 
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Clear Fjag 2: A high ievej or positive pulse at this input, independent of the- 
state of the code select inputs, will clear the Flag. All other characteristics 
dretdentical to those of Clear Flag 1. 

Flag Strobe: If the Flag is set, and the code select inputs are all high, a 
positive pulse at this input will generate a negative going pulse at the Strotied 
Flag output. Propagation delay from the strobe •to output is a maximum of 
30 nsec. 

Read Buffer: A high level or positive pulse at this input while the code select 
inputs are all high will transfer the state of the shift register to outputs Bit 1 
through Bit 8. Final parallel character data can be read by this input as soon 
as the Flag output goes to ground. Output data will be available a maximum 
of 100 nsec after the rising edge of this input. See the timing diagram of 
Figure 1 for additional information. 

Reader On: A low level or ground at this input will turn the internal reader 
flip-flop on. This element is turned off at the beginning of a received character 
start bit. This input can also be pulsed by tying it to one of the signals derived 
at output pins AE2 or BE2. A low output will exist at pin BE2 if the M706 
is addressed and the clear Flag 1 (pin BJ2) is high. A low output will exist at 
pin AE2 if the M706 is addressed and the Clear Flag 1 (pin BJ2) is high or if 
Clear FlagJ? (pin BDl) is high. 

Serial Input: Serial data received on this input is expected to have a logical 
zero (space) equal to -f 3 Volts and a logical 1 (mark) of ground. The input 
receiver on the M706 is a schmitt trigger with hysterisis thresholds of nom- 
inally 1.0 and 1.7 Volts so that serial input data can be filtered up to'l5% 
of bit width on each transition to remove noise. This input is diode protected 
from voltage overshoot above +5.9 Volts and undershoot below —0.9 Volts. 
Input loading is four unit loads. 

Outputs: All outputs can drive ten unit loads unless otherwise specified. 

Bits 1 through 8: A read Buffer input signal will transfer the present shift 
register contents to these outputs with a received logical 1 appearing as a 
ground output. If the Read Buffer input is not present! all outputs are at 
logical 1. When the M706 is used for reception of 5-bit character codes, the 
ouput data will appear on output lines Bit 1 through 5 and bits 6,- 7, 8 will 
have received logical zeros. 

Active (0): This output goes low at the beginning of the start bit of each 
received character and returns high at the completion of reception of bit 8 
for an 8-bit character or of bit 5 for a 5-bit character. Since this signal uses 
from ground to +3 Volts one-half bit time after the Flag output goes to 
ground, it can be used to clear the flag through Clear Flag 2 input while the 
Flag Output after being inserted can strobe parallel data out when connected 
to Read Buffer. 
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SERIAL 
INPUT 



CLOCK 



ACTIVE 
(0) 



CLEAR 
FLAG 



READER 
0) 



FLAG 



+3 

0 
+3 

0 
+3 

0 
+3 

0 
+3 

0 
+3 



START 



BIT 1 



BEGINNING 
OF 

CHARACTER 



BIT 2 



BIT 3 



BIT 4 



BIT 5 



BIT 6 



BIT 7 



Figure 1. 



BIT 8 



STOP 
1 



STOP 

2 



END OF 
CHARACTER 



TYPICAL TIMING DIAGRAM 
Serial Input-Parallel Output 8-Bit (01, 111, lll)-2 Unit Stop Time 



if an M706 and M707 are to be used in half duplex mode, this output should 
be tied to the Wait input of the M707 to inhibit M707 transmission during 
M706 reception. Output drive is eight unit loads. 

Flag: This output falls from +3 Volts to ground when the serial character, 
data has been fully converted to parallel form. Relative to serial bit positions, 
this time occurs during the center of either bit 8 or bit 5 depending respec- 
tively on the character length. If the M706 is receiving at a maximum char- 
acter rate, i.e. one character immediately follows another; the parallel output 
data is available for transfer from the time the Flag output fails to ground 
until the beginning of a new start bit. This is Stop bit time plus one-half bit 
time. 

Strobed Flag: This output is the NAND realization of the inverted Flag output 
and Flag Strobe. 

Reader (1): Whenever the internal reader flip-flop is set by the Reader ON 
input, this output rises to -|-3 Volts. It is cleared whenever a start bit of a 
new character received on the serial input. 

Reader Run: For use with Digital modified ASR33 and ASR35 teletypes which 
have relay controlled paper tape readers. This output can drive a 20 ma at 
+0.7 Volts load. The common end of the load can be returned to any 
negative voltage not exceeding —20 Volts. 

Pin AE2: This output is the logical realization of NOT (Clear Flag 1 or Clear 
Flag 2 or I/O Clear) and is a +3 Volts to ground output level or pulse de- 
pending on the input. This signal can be used to pulse Reader On for control 
of Reader Run as used in DEC PDP8/I or PDP8/L computers. 

Pin BE2: This output is brought from +3 Volts to ground by an enabled 
Clear Flag 1 input. It can be connected to Reader On for a different form of 
control of Reader Run. 



s 
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M707 

TELETYPE TRANSMITTER 



COMMUNI- 
CATIONS 



Length: Standard 
Height: Double 
WKlth: Single 



M SERIES 



ENABLE D$[rp 




FLAG sTiwee|T]^i^ 
aOW FLAG t (7)5^ 

CLEAR R-AG2(T}^^^ 



ECHOd]^ 



CLOCK 0§ 



»wut[T]25 

IA> CLEAR^SiL. 



an 

BIT 2 

Bn-3 [Tf^ 

BIT4 

BITS [T^^ 
BITS Q]^ 

BIT7 (T}i52?- 
Brra (T}^ 

ENABLE [T}^ 



•iOST BE I 
CONNECTED IalI 



pm connections; 

5 ORB BIT COOe 
5BIT-AK1 TO AJt 

bbit-aki toakz 

FOR STOP TiHE 

l.6lJNjTS-BN2 TO BRZ 
I.SUNrrS-BNZTOBPI 
2OUNITS-aN2T0BNt 



JtSraSTROBEO 



^FLA6 



-^5^{«]SERIAL OUTPUT 
-*21{7]«TIVE(1) 



Power 

VoKs mA (max.) Pins 

-l-S 375 A2 

GND C2, Tl 



NOTE: Refer to the M7390 module description as a possible substitute for the M707. 
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The M707 Teletype Transmitter is a peA'aliei-to-seria! teletype code converter 
self contained on a double height module. This module includes all of the 
parallel-to-serial conversion, buffering, gating, and timing (excluding only an 
external clock) necessary tot ransfer information in an asynchronous manner 
between a parallel, binary device and a serial data line or teletype device. 
Either a 5-bit or an 8-bit parallel character can be assembled into a 7.0, 
7.5, or 8.0 unit serial character or a 10.0, 10.5, or 11.0 unit serial character 
by the M707 through the use of different pin connections on the module. 
When conversion is complete, the necessary start bit and selected stop bits 
(1.0, 1.5, or 2.0 units) have been added to the priginal parallel character 
and transmitted over the serial line. The serial character is transmitted with 
the start bit first, followed by bits 1 through 8 in that order, and completed 
by the stop bits. Coincident with the stop bit being put on the serial line, 
the Flag output goes low indicating that the previous character has been 
transmitted and a new parallel character can be loaded Into the M707. Trans- 
mission of this new character will not occur until the stop bits from th^ 
previous character are completed. See the timing diagram of Figure 1 for 
additional information. 

In addition to the above listed features, the M707 includes the necessary 
gating so that it can be used in a half-duplex system with the~M706. Device 
selector gating is also provided so that this module can be used on the 
positive bus of either the PDP8/I or the PDP8/L. 

Inputs: All inputs present one TTL unit load with the exception of the Clock 
input which presents ten unit loads. Where the use of input pulses 
is required, they must have width of 50 nsec or greater. 

Clock: The clock frequency must be twice the serial output bit rate. This 
input can be either pulses or a square wave. 

Bits 1 through 8: A high level at these inputs is reflected as a logic 1 or mark 
in the serial output. When a 5-bit code is used, bit inputs 1 through 5 should 
contain the parallel data, bit 6 should be considered as an Enable, and bits 
7, 8 and Enable should be grounded. 

Enable: This input provides the control flexibility necessary for transmitter 
multiplexing. When grounded during a Load Buffer pulse, this input prevents 
transmission of a character. It can be driven from the output of an M161 
for scanning purposes or in the case of a single transmitter, simply tied to 
+3 Volts. 

Wait: If this Input is grounded prior to the stop bits of a transmitted char- 
acter, it will hold transmission of a succeeding character until it is brought 
to a high level. A ground on this line will not prevent a new character from 
being loaded into the shift register. This line is normally connected to Active 
(0) on a M706 in half duplex two wire systems. When not used, this line 
should be tied to +3 Volts. 

Code Select Inputs: When a positive AND condition occurs at these inputs 
the following signals can assume their normal control functions — Flag Strobe, 
Load Buffer, andNCIear Flag 1. Frequently these inputs might be used to 
multiplex transmitter modules when signals like Load Buffer are common 
to many modules. These inputs can also be used for device selector inputs 
when the M707 is used on the positive bus of the PDP8/I or PDP8/L. The 
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code select inputs must be present at* least 50 nsec prior to any of tlie three 
signals that they enable. If it is desired to by-pass the code select inputs, 
they can be left open and the Enable DS line tied to ground. 

Clear Flag 1: A high level or positive pulse at this input while the code select 
inputs are all high, will clear the Flag. When not used, this line should be 
grounded. Propagation delay from input rise until the Flag is cleared at the 
Flag output is a maximum of 100 nsec. The Flag cannot be set if this input 
is held at logic 1. , 

Clear Flag 2: A low level or negative pulse at this input will clear the Flag. 
When not used this input should be tied to +3 Volts; The Flag will remain 
cleared if this input is grounded. Propagation from input fall to Flag output 
rise is a maximum of 80 nsec. if it is desired to clear the flag on a load 
buffer pulse, Clear Flag 2 can be tied to pin ARl of the module. 

Flag Strobe: If the Flag is set, and the code select inputs are all high, a 
positive pulse at this input will generate a negative going pulse at the Strobed 
Flag output. Propagation delay from the strobe to output is a maximum of 
30 nsec. 

• • ! ■ "-^ 

I/O Clear: A high level or positive pulse at this input clears the Flag, clears 
the shift register and initializes the state of the control. This signal is not 
necessary if the first serial character, transmitted after power turn-on need 
not be correct. When not used, or during transmission, this input should be 
at ground. 

Load Buffer: A high level or positive pulse at this input while the code select 
inputs are all high will load the shift register buffer with the character to be 
transmitted. If the Enable input is high when this input occurs, transmission 
will begin as soon as the stop bits from the previous character are counted 
out. If a level is used, it must be returned to ground within on^ bit time 
(twice the period of the clock). 

Outputs: All outputs present TTL logic levels except the serial output driver 
which is an open collector PNP transistor with emitter returned to +5 Volts. 

Serial Output: This open collector PNP transistor output can drive 20 mA into 
any load returned to a voltage between +4 Volts and —15 Volts. A logical 
output or mark is +5 Volts and a logical 0 or space is an open circuit. If 
inductive loads are driven by this output, diode protection must be provided 
by connecting the cathode of a high speed silicon diode to the output and 
the diode anode to the coil supply voltage. 

Line: This output can drive ten TTL unit loads and presents the serial output 
signal with a logical 1 as +3 Volts and logical 0 as ground. 

Active: During the time period from the occurrence of the serial start bit and 
the beginning of the stop bits, this output is high. This signal is oft^n used 
in half duplex systems to obtain special control isignals. Output drive is eight 
TTL unit loads. 
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Flag: This output falls from +3 Volts to ground at the beginning of the stop 
bits driving a character transmission. The M707 can now be reloaded and 
the Flag cleared (set to +3 Volts). This output can drive'ten TTL unit loads. 

Strobed Flag: This output is the NAND realization of the inverted Flag output, 

and Flag Strobe. Output drive is ten TTL unit loads. 

+3 Volts: Pin BJl can drive ten TTL unit loads at a +3 Volts level. 

Power: -|-5 Volts at 375 mA..(max.) 

Size: Standard, double height, single width FLIP CHIP module. 
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M1103 
TWO-INPUT AND GATES 



Length: Standard 
Height: Single 
Width: Single 



GATES 



M SERIES 



0 

Q} 



A1. 




m 



D2- 



0}^ 





U] 



HZ. 



J2. 



CI, 




\ 



{lol 



^N2i 



(1 








+3V 













Power 

Volts mA (max.) Pins 

+5 80 A2 

GND C2, Tl 



The Ml 103 contains ten 2-input AND gates. Unused inputs on any gate must 
be returned to a source of logic IHIGhl for maximum noise immunity. Two 
pins are provided (Ul and VI) as a source of +3 volts for this purpose. 

APPLICATIONS 

• Positive AND or negative OR gating 
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Mil25 
EXCLUSIVE OR GATES 



Length: Standard 
Height: Single 
Width: Single 



























□□ 







♦3V 




Power 

Volts mA (max.) Pins 

+5V 100. A2 

GND, Cl.Tl 

The M1125 Module consists of ten 2-input exclusive OR giates and two +3 
Vdc voltage divider sources. Each module circuit performs the X-OR func- 
tion (A»l 4- A«B) according to the following truth table. Gate output is high 
when inputs are not the same. 

TRUTH TABLE 



INPUTS 


OUTPUTS 


L L 


L 


' L H 


H 


H L 


H 


H H 


L 



SPECIFICATIONS 

Typical propagation delay time of the Ml 125 Is 12 ns. 



GATES 



M SERIES 
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M1131 

2-INPUT OPEN COLLECTOR 
NAND GATE 




Length: Standard 
Height: Single 
Width: Singie 




* In the logic low state, the output of this module will sink up to 16 mA per driver. 

Power 

Volts mA (max.) Pins 
+5 71 A2 
GND C2,T1 



The Ml 131 module consists of ten high-speed, 2-input NAND gate circuits 
and a +3 Vdc source. Each of the NAND gates has an open collector output 
and the outputs can be paralleled for a wired OR function. EAcix gate input 
is a 1 unit load and each unparalleled output will drive up to 10 unit loads. 

APPLICATIONS 

Logic gating. Wired-OR multiplexing 
SPECIFICATIONS 

Typical gate propagation delay time is 10 ns. 
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M1307 ^ 
FOUR-INPUT AND GATES 



Length: Standard 
Height: Single 
Width: Single 



GATES 



M SERIES 








— 1 




¥^ — 


^ — 







J2 



CD 



iKI 




L2. 



M2. 



N2. 



> 



P2| 



nasi. 




SI I 




+3V 



U1 



VI 



Power 

Volts in A (max.) Pins 

+5 100 A2 

GND C2, Tl 



The M1307 contains six high speed 4-input AND gates. Unused inputs on any 
gate must be returned to a source of logic HIGH for maximum noise im- 
munity. Two pins are provided (Ul and VI) as a source of +3 volts for this 
purpose. 



APPLICATIONS 



• Positive AND or negative OR gating 
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M1701 
DATA SELECTOR 



MULTI- 
PLEXERS 

M SERIES 



Length: Standard 
Height: 

Width: Single 



[1^ 



[T}iiL 
[T}1]- 




so 

(LSB)_ 



SI 
(MSB) 



SELECT 



DUAL 
AAUX I 



OUTPUTS < 



2Y 







SO SI 
|LSB) (MSB^ 






1C1 
tC2 


.DATA 

'inputs 


SELECT 










1C3j 










STROBE 1 


DUAL 
MUX 2 












OUTPUTS* 




2C0" 










2CI 
2C2 


L DATA 
' INPUTS 














2C3^ 










STROBE 2 









Volts 



Power 

mA (max.) Pins 
110 A2 

C2, Tl 



02 I 
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The M1701 Data Selector contains two independent dual 4-line to 2-line 
multiplexers on a single-height module. Each dual multiplexer has two groups 
of DATA INPUTS, two STROBES, two OUTPUTS and common SELECT inputs. 
An OUTPUT becomes active for a DATA INPUT when the DATA INPUT is 
addressed by the SELECT lines and the corresponding STROBE brought LOW. 

APPLICATIONS 

• Multiplexing for parallel-to-serial conversion 

• Timesharing 

• Sampling 

TRUTH TABLE 



FUNCTIONS 

SELECT 
SI ^0 



X 
L 
L 
H 
H 
L 
L 
H 
H 



DATA INPUTS 
C3 C2 CI CO 



X 
X 
X 
X 
X 
L 
H 
X 
X 



X 
X 
X 
L 
H 
X 
X 
X 
X 



X 
L 
H 
X 
X 
X 
X 
X 
X 



STROBE 

H 
L 
L 
L 
L 
L 
L 
L 
L 



OUTPUTS 

L 
L 
H 
L 
H 
L 
H 
L 
H 



X = irrelevant 



PROPAGATION DELAY TIMES 



PARAMETER1I 


FROM 
(INPUT) 


TO 

(OUTPUT) 


MAX 


UNIT 


tpLH 


Data 


Y 


25 


ns 


tpHL 


Data 


Y 


30 


ns 


tpLH 


Address 


Y 


40 


ns 


^ tpHL 


Address 


Y 


40 


ns 


tpLH 


Strobe 


Y 


35 


ns 


-tpHL 


Strobe 


Y 


30 


ns 



^tpLH = propagation delay time, Low-to-High-level output. 
tpHL = propagation delay time, High-to- Low-level output. 
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M1713 
16-LINE TO 1-LINE 
DATA SELECTOR 



MULTI- 
PLEXERS 

M SERIES 



Length: Standard 
Height: Single 
Width: Single 



S2 
T2 
Ml 
N1 



HI 



K1 



Q 
Q 

m 

[D 



M2 



L2 



K2 



E2 



CD 
(D 



N2 



J2 



H2 



F2 



R2 



DOMSB) 

C 
B 

A(LSB) 



DATA 
INPUTS 



C STROBE 



W > 



P2 



Power 

Volts mA (max.) Pins 

+5 70 A2 

GND C2. Tl 
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The M1713 module is a l-of-16 data selector/multiplexer. The binary code 
on inputs A-D defines which of the 16 data inputs will be connected to the 
output when STROBE is Low. its operation is described by the following 
TRUTH TABLE: ' 























INPUTS 


















OUTPUT 


D 


c 


B 


A STROBE 


D. 


D, 


D, 


D, 


D. 


D. 


D. 


D, 


D. 


D. 


D., 


0,, 


D,, 


Do 


D,. 


0.. 


w 


X 


X 


X 


X 1 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


H 


0 


0 


0 


0 0 


0 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


H 


0 


0 


0 


0 0 


1 


X 


X 


X 


X , 


X 


X 


x 


X 


X 


X 


X 


X 


X 


X 


X 


L 


0 


0 


0 


1 0 


X 


0 


X 


X 


X 


X 


X 


X 


X 


X 


>( 


X 


X 


X 


X 


X 


H 


0 


0 


0 


1 0 


X 


1 


X 


X 


X 
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X 
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X 
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X 
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0 0 
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X 


X 


X 


» X 


X 


X 


X 


X 


X 


X 


H 


0 


0 


1 


0 0 


X 


X 


^ 


X 


X 


X 
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X 
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X 


X 


X 


X 
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L 
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1 0 
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X 
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1 0 
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X 


•X 
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0 
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0 0 
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X 
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X 
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0 0 
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X 
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X 
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X 
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X 


X 
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H 






1 


0- 0 ' 
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X 
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X 


' X 


X 


1 


X 


L 






1 


1 0 
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X 


0 
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X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


1 


L 



When used to indicate an input condition, X = High or Low 



SPECIFICATIONS 

Propagation Delay 

FROM: 

Input A, B, C, D 

STROBE 

DO through D15 



TO: 

Output W = 50 ns (max) 
Output W = 40 ns (max) 
Output W = 30 ns (max) 
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M2001 

DUAL 4 BiT TRI STATE REGISTJERS 



FLIP-FLOPS 



M SERIES 



Length: Standard 
Height: Single 
Width: Single 



OUTPUT 
CONTROL _p, 




CU6AR d} 



[IF- 

Power 
Volts mA (max.) 
+5 200 
GND 



Pins 
A2 

C2, Tl 
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the M2001 Ts a dual, 4-bit register module consfsting of D-type flip-flops 
and Input and output gating. Each of the module outputs contains a tri- 
state circuit capable of driving low-impedance, high-capacitance loads with- 
out the use of pull-up^or interface components. The third state of the output 
is a high-impedance state and Is-selectable by logic levels to the input of 
the module. This state effectively disconnects the register outputs from the 
bus when no Information transfer is required. Up to 128 of these outputs 
can be connected together in a wired-OR configuration. 

Data is entered into each D-type flip-flon from an associated DATA IN line 
and is controlled by the DATA ENABLE gate. When both DATA ENABLE inputs 
are Lqw,' the information on the data lines will be entered into the respective 
flip-flop on the next positive transition of the clock (CK) input. 

The Q output from each flip-flop is inverted and controlled by the tri-state 
driver amplifier. Where either or both input to the output control gate is a 
High logic level, the outputs of the module are disabled to the high-im- 
pedance statei however, the sequential operation of the flip-flops are not 
affected. 

When. the CLEAR input to the logic element is High, each associated flip-flop, 
is held in the res^t condition, and the module outputs .will remain In the 
Low state. ■■ 

FUNCTION TABLE 



DATA IN 


CLOCK 


CLEAR 


DATA ENABLE 


OUTPUT 


1 2 . 


L 


Lto H 


L 


L L 


L 


H 


Lto H 


L 


L L 


H 


X 


X 


H 


X X 


L 


X 


L 


L 


X X 


Qo 


X 


Lto H 


L 


H X 


Qo 


X 


Lto H 


L 


X H 


Qo 













L = Low level (steady) 

H - High level (steady/ 

L to H = Low to high level transition 

X = Irrelevant of any input including transition - — 

Qo = Level of module output before steady state 
input conditions were established. 

APPLICATIONS 

Provides a total of eight bits of data storage and outputs to interface directly 
to system bus. All input and output signals are through edge board connector. 

FUNCTION 

Refer to Function Table for input and output signal and level requirements. 
SPECIFICATIONS 

Input Voltage — 4.5 Vdc (min.), 5.2 Vdc (max.) 
Input Current — 72.0 mA (max.) 
High Level Output Current — 5.2 mA (max.) 
Low Level Output Current — 16 mA (max.) 
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IV12500 

DUAL 64 WORD X 4 BIT FIRST-IN 
FIRST-OUT SERIAL MEMORY 



SHIFT/ 
STORAGE 
REGISTERS 



M SERIES 



Length: Standard 
Height: Single 
Width: Single 



INPUT mkL 

READY LLI 
SHIFT rnL2, 

inLLt^ 

MASTER rn22^ 
RESET LLr^* 




"IFJPUT "I ' 



laONTROL 



OUTPUT }- 
CONTROL LOGIC 



MAIN REGISTER 



to 03 



E2 



»JLrn SHIFT 

LUouT 

HLrn OUTPUT 
^-Ll READY 



Do(Tp- 

D,|7p2_ 

02[T} 
t>3[T} 



R2 



92 



INPUT (71 
READY ^ 

SHIFT IN [Tp^ 

M ASTER mM2 
RESET LLF^ 



E2 

(SAME AS El) 



N2 



{r]Q2 

JLm SHIFT 
•^iJoUT 

.iLrn OUTPUT 

LU READY 



Power 

Volts mA (max.) Pins 

+5 100 A2 

-12 23 Kl, Ul 

GND C2, Tl 



The M2500 Module provides storage for 64 4-bit words in each of two mem- 
ory elements. The words are stored and read asynchronously oa a first- 
word-in, first-word-out basis. By series coupling the two memory elements, 
the total storage capacity can be increased to 128 4-bit words. The two 
memory elements can also be paralleled, using external logic, to form storage 
for 64 8-bit words. 
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FUNCTION 

The first 4-bit word is entered into the mAnory register by initiating a High 
SHIFT IN pulse when the INPUT READY signal from the memory is High. 
With no data word previousty stored in the first location of memory, the 
INPUT READY signal will be High. As the word enters the first memory loca- 
tion, the INPUT READY Signal becomes Low and remains Low until the SHIFT 
IN pulse is brought Low. The Low transition of the SHIFT IN pulse transfers 
the first 4:bit word into the second memory location, and the INPUT READY 
signal again becomes High. The internal control logic then sequences the 
word to the first-out or 64th memory location which causes the OUTPUT 
READY signal to become High. This indicates that the first word entered is 
available to be read at the output. The second 4-bit word -can then be entered 
into memory and is automatically stacked at the output. To read a word from 
memory and shift the next word to the output, a High SHIFT OUT pulse is 
required and causes the previously High OUTPUT READY signal to become 
Low. The data is shifted out by the trailing edge of the SHIFT OUT pulse 
when the OUTPUT READY signal is Low. The next 4-bit word is then automati- 
cally shifted to the 64th location causing the OUTPUT READY signal to again 
become High. When all locations are empty, OUTPUT READY will remain Low. 
When all the memory locations are full, the INPUT READY signal is held Low 
until a word is read, resulting in a vacant location. 

APPLICATIONS 

The M2500 can be used as a synchronous or asynchronous serial storage 
device or as a buffer unit for data communication between devices operating' 
at different data rates. The M2500 can be serial connected to increase the 
total number of 4-bit memory locations or connected in parallel to extend 
the word lengths. Both data and control inputs and outputs are direct TTL 
and DTL compatible. 

FUNCTION 

The following input/output diagrams indicate the timing relationships and 
logic levels required to write into or read data from memory. 



INPUT 1.5V 
READY OV- 



INPUT TIMING 



Tv— i f \ 

DATA IN l^^^WT'f'^ ^ ^O^^^i^ffl^^/ 

(Do— P3). '/WmWxs/\Vitu ]0%^ f wCmM^ 

|- »DSI 1 
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OUTPUT TIMING 



1 5V 

OUTPUT '-^^ 
READY ov- 



1.5V 

SHIFT 
OUT OV- 



--♦ov- 



h "OR*"' 

(—toy— J 



1 



'DA 



DATA OUT 
{(^-03) 



90% 

10%. 



90% 
10 



tiR+ (input Ready HIGH Time) 300 ns (typ.) 

U- (Input Ready LOW Time) 300 ns (typ.) 

tov+ (Control Overlap HIGH Time) 100 ns (min.) 

tosi (Data Input Stable Time) . 400 ns (min.) 

toD (Data Input Delay Time) 25 ns (min.) 

tD»+ (Output Ready HIGH Time) 300 ns (typ.) 

tor (Output Ready LOW Time) 450 ns (typ.) 

toH- (Data Hold Time) 75 ns (min.) 



NOTES: 

tiR+ is referenced to the positive going edge of I R or SI, whichever occurs 
later. 

tiR- is referenced to the negative going edge of IR or SI, whichever occurs 
later. 

too is referenced to the positive going edge of IR or SI, whichever occurs 
later. 

tov+ is referenced to the positive going edge of IR or SI, whichever occurs 
later. Control signals include Input Ready, Shift In, Output Ready, and 
Shift Out. 

Data must be stable for tsoi or tn.*, whichever is shorter. 

Input data must remain stable during timing window tsoi. Both Si and IR 
must be HIGH for tov*r 

toR+ is referenced to the positive goin^ edge of OR or S0» whichever 
occurs later. 

toR- is referenced to the negative going edge of OR or SO, whichever 
occurs later. 

toH is referenced to the negative going edge of OR or SO, whichever 
occurs later. 

tov^ is referenced to the positive going edge of I R or SI, whichever 
occurs later. 

Both SO and OR must be HIGH for tov+. 

342 



Inputs 
SHIFT IN 



DO— D3 



SHIFT OUT 



A High on this input causes INPUT READY to go Low' 
and data to the shifted Into the memory. Data will be- 
gin to shift to the last empty location when this input 
is brought Low again. Minimum pulse width is 100 ns. 
Data must be valid within 25 ns after SHIFT IN goes 
High. SHIFT IN must only be brought High when IN- 
PUT READY is High. Minimum Low time for SHIFT IN 
is 100 ns. 

Data Inputs. Data must be valid within 25 ns after 
SHIFT IN goes High and should remain valid for at 
least 400 ns. 

A High on this input initiates the output shifting pro- 
cess. Data will remain valid until 70 ns after both 
SHIFT OUT and OUTPUT READY have gone Low. Mini- 
mum pulse width is 100 ns. SHIFT OUT must remain 
Low for at least 100 ns. 



MASTER RESET Resets memory control logic. 



Outputs ^ 

INPUT READY Indicates when data may be loaded into the memory. 

Goes Low 300 ns (typ) after the leading edge of 
SHIJ^ IN and goes High again when the next data 
word may be loaded. INPUT READY remains Low when 
the memory is full. 

OUTPUT READY Indicates when data is valid at the output of the 
memory. OUTPUT READY goes^Low 300 ns (typ) after 
the leading edge of SHIFT OUT and goes High again 
when the next word has been shifted to the output. 
OUTPUT READY remains Low when the memory, is 
empty. 

QO — Q3 Data outputs. Data is valid at the outputs whenever 

OUTPUT READY is High, even if SHIFT OUT is Low. 
Data will change 75 ns after OUTPUT READY goes 
Low. Typical propagation time from input to output of 
an empty memory is 10 jus. 
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M3020 

DUAL DELAY MULTIVIBRATORS 



MULTI- / 
VIBRATORS 



M SERIES 




• USED TO SELECT OUTPUT 
PULSE WIDTH (SEE TABLE) 



Volts 
+5V 
GND 



Power 

mA (max.) Pins 
144 A2 

C2, Tl 
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The M3020 Module contains two monostable multivibrators, each of which is 
activated by the output of a Schmitt Trigger circuit. A low input transition 
on any one of the three inputs to the Schmitt Trigger circuit produces a 
positive output pulse and triggers the multivibrator. Minimum duration of a 
low pulse is 50 ns. The Schmitt Trigger input provides hysteresis which pre- 
vents the multivibrator from being triggered erroneously by noise signals at 
the input. 

When activated, the multivibrator produces a positive pulse at the output. 
The width of the pulse is variable from 50 ns to 40 sec ^ind is selected by 
the external connections to capacitors mounted on the M3020 and by the 
variable Vcc available. 

The delay time is adjustable from 50 ns to 7.5 ms using the Internal capaci- 
tors and can be extended by adding an external capacitor. 

APPLICATIONS 

• Time delays 

• Variable width pulses 
FUNCTIONS 

Delay Range: The basic DELAY RANGE is determined by an internal 22 pF 
capacitor. The delay range may be increased by selection of additional capac- 
itance either by connecting various module pins (See Table) or by the addi- 
tion of external capacitance between pins L2 and Fl or between pins 82 and 
Rl. Potentiometers mounted on the module can be connected for fine delay 
adjustments within each range or an external resistance may be used between 
pins E2 or R2 and -|-5 Volts. If an external resistor is used, the resistance 
should be limited to 40,000 ohms. 



Delay Range 


Capacitor 

Value 
(Internal) 


Interconnections 
Required 


Delay El 


Delay E3 


50 ns — 750 ns 
500 ns — 7.5 fis 
5 /is — 75 /tiS 

50 fis — 750 fis 
500 ns — 7.5 ms 


22 pF 
270 pF 
3300 pF 
.033 /iF 
.33 nF 


None 
Dl — L2 
HI — L2 
Jl — L2 
El — L2 


None 
Nl — S2 
^1 — S2 
Ul — 82 
PI — 82 



Adjustable Delays: Connect pihs D2 to E2 for delay 1 and V2 to R2 for delay 
2 in order to add the potentiometers. NOTE: If the potentiometer or afi&ex- 
ternal resistor is not used pins E2 and R2 must be connected to +5 volts 
(pin A2). 



PRECAUTIONS 

Care should be exercised in the selection of external capacitors to assure 
low lealtage as leakage will affect the time delay. 

SPECIFICATIONS 

Trigger Input Fall Time: Must be less than 400 ns 

Recovery Time: Defined as the time all inputs must remain HIGH before any 

input goes LOW to trigger the delay 

1. Without external capacitance: 30 ns min. 

2. With external capacitance: 300 C ns min. where C is in nanofarads 
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M4050 
Crystal Controlled Clock 



CLOCK 



M SERIES 



Length:' Extended 
Height: Sfngle 
Width: Single 



M4050 MODULE 



nnnnn 



5KHi - 5MHz 
CRYS1AL CONTROLLED 
CLOCK 



W6 W7 W8 W9 



02 



E2 



Power 

Volts mA Pins 

+5V 80 A2 

GND C2 



DESCRIPTION 

The M4050 is a crystal controlled clock module that provides both positive- 
or negative-^oing 80 ns pulses at a frequency range from 5 KHz to 5 MHz. 
(An M4050-YA module variation is also available and provides an output pulse 
width of 3.9 /nS.) The module has a series of jumper leads mounted between 
split lugs on the board which can be removed to select four frequency ranges. 
Once the proper range has been selected, the output olock frequency is de- 
termined by a plug-in crystal. The module can be effectively used in applica- 
tions requiring accurate pulses at stable frequencies. 

FUNCTIONS 

The D2 and E2 outputs of the M4050 are supplied from a monostable multi- 
bibrator. The pulses at D2 and E2 are positive and negative 80 ns pulses, 
respectively. 



Frequency Range Selection 

Jumpers Wl through W9, shown on Figure 1, are used to determine the fre- 
quency range of the output. The specific frequency is then determined by 
choice of a plug-in crystal, either one of the three offered by DIGITAL or 
one supplied by the user. Table 1 lists the jumper configuration for the four 
frequency ranges. 



346 



TABLE 1 



Frequency 
Range 


JUMPERS 


IN 


OUT 


5 KHz - 38 KHz 
38 KHz - 500 KHz 
500 KHz - 1 MHz 
1 MHz -5 MHz 


Wl - W8 
Wl -W6 
W3-W6 
W5, W6 


W9 

W7 and W8 
Wl, W2, W7, W8 
Wl - W4, W7, W8 



Output Selection 

Jumper WIO, shown on Figure 1, can be removed to disconnect the negative- 
going pulse output from the multivibrator to pin E2 of the module. 

Ordering Information 

The M4050 is available with any of the three standard crystals listed below. 
Be sure to list the crystal part number desired when ordering. Standard 
crystals: 

1.333 MHz Part # 18-5501-02 

2.0 MHz Part # 18-5501-09 

5.0 MHz Part # 18-5501-p8 




Figure 1 M4050 Jumper Lead Locations 

GENERAL SPECIFICATIONS 
Frequency: 

Range: 5 KHz -5 MHz 

Stability: 0.01% of specified value between CO and +55°C. 
Power Requirements: +5V at 80 mA (max.) 
Temperature Range: O'C to ^-SS^C 
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M5864 

OPTIC ISOUTOR INPUT MODULE 



ISOLATION/ 

LEVEL 
CONVERSION 

M SERIES 




M5864 Optic Isolator Input Module 
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M5864 Optic Isolator Input Module (cont.) 
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The M5864 Optic Isolator Input Module Is used to electrically isolate and/or 
convert signal levels between peripheral devices and a TTL-compatible in- 
terface of a processor or controller system. The M5864 can effectively be 
used in any application where signal conversion or voltage isolation is re- 
quired. 

The module contains 20 optically-coupled circuits, each of which provides 
signal isolation between the input and output of the module. The data signals 
transferred through each of the module circuits are optib^lly-coupled to pro- 
vide a maximum of 1500 V isolation between the current loop and the TTL 
logic. Eighteen input circuits accept levels from current-producing devices 
and convert these signals to TTL-compatible levels. The current-receiving 
inputs are protected against reverse voltage conditions by a diode shunted 
across the LED in each optic coupler. The conduction of the LED controls 
the conduction of the associated phototransistor also in the optic coupler. 
Two output circuits accept TTL-compatible levels from the interface and con- 
trol the conduction of the floating transistor Outputs. Each transistor output 
is capable of switching 8 mA of current. 

Signals are transferred to and from the module through the module pins and 
backplane wiring or through cable assemblies that attach to the two 4lO-pin 
connectors located near the edge of the module. The module input and out- 
put circuits can be disconnected from the backplane of a system by re- 
moving jumper leads that are installed on the module board. This allows the 
module to be plugged into computer busses and other prewired back- 
planes for convenient mounting. Power and ground to the module will still 
be maintained through the module pins and backplane wiring. 



350 



Each signal pin on tine 40-pin cable connector (J2) has an associated ground 
pin to enable proper shielding of the TTL levels. 



The M5864 is a doubl6-height, standard-length module and occupies two 
slots when inserted into a standard DIGITAL connector block. 



FEATURES 

• Complete electrical isolation between inputs and outputs. ' 

• Signal transfer to and from module through module pins and back- 
plane wiring or through cable and connectors. 

• Floating transistor outputs, reverse voltage protected. 

• Capable of isolating 16 data and 4 control lines. 

• Device Input voltages adjustable by adding resistors on board. ~ 
Standard DIGITAL power and ground pin configuration. 

GENERAL SPECrnCATIONS 

The input to each of the optically isolated input circuits is the opto-isolator 
LED. A forward current of over 8 mA (30 mA max) will turn the LED on. 
The output of each input circuit is a standard TTL gate with a fanout of 10. 

The input to each of the optically isolated output circuis is the opto-isolator 
LED which is pulled up on th6 module to +5 volts through a resistor. This 
input is TTL compatible and represents 10 unit loads. The output of each 
output circuit will drive one TTL load. 



18 — liiput Circuits 
Input (Jl) 
0— 2 mA 
8 — 30 mA 

2— -Output Circuits 

Input (J2) (TTL Compatible) 
HIGH (100 /iA at 4-7 V) 
LOW (-16 mA at 0.4 V) 

* Maximum collector-emitter voltage = 30 V 



TTL Output (J2) 

HIGH (-400 mA at 2.4 V) 

LOW (16 mA at .4 V) 



Output (Jl) 

50 nA (max) at 10 V* 

1.6 mA (min) at 0.5 V 



Optic Isolators 
Condition 



turn-on 
turn-off 



Size 



Power 

Operating 
Temperature 

Relative 
Humidity 



Time 

^ — • 

15 fiS (max) 
15 /us (max) 

Double height — 5.187 in. (13.17 cm) 
Single width — 0,5 (1.27 cm) 
Extended length — 8.J54n. (21.59 cm) 

+5 V ±5% at 340 mA <max) 

5°C (41°F) to 50°C (122''F) 

10% to 95%, without condensation 



Diode Current 



16 mA 
0 mA 
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M5960 

20 mA Active Current Loop Interface 



Length: Extended 
Height: Single 
Width: Single "^Q- 



EH 



T- El^ 



R»E}^ 



R- eH 



T-E}^ 



M5960 MODULE 



47 ?fc2.2 



RECEtVER > 



COMMUNI- 
CATIONS 



M SERIES 



Ml 



Power 

Volts mA (max.) Pins 

+5V 320 A2 

—15V 200 B2 

GND C2 
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DESCRIPTION 

The M5960 is a communications interface module used to convert 20 mA 
current loop information into TTL logic levels (receiver) and TTL logic levels 
into 20 mA current loop information (transmitter). The module is suitable 
for driving and sensing data on long current loop cables between the terminal 
and module at high baud rates. The M5960 consists of four differential cur- 
rent loop receiver circuits and four differential transmitter circuits, each 
capable of converting the serial data between terminal and logic system and 
allowing full duplex operation. The M5960 occupies a single vertical slot in an 
H803 connector block. 

APPLICATION 

Figure 1 is a typical application diagram showing four passive devices con- 
nected to the 20 mA current loops. Both the receiver and transmitter circuits 
can supply 20 mA of current to a total line/load resistance of up to 500 ohms. 



ttlJ 
interface^ 



TTL DATA 
(SERIAL) 



I ACTIVE 
CONVERTERS 



20mA 
CURRENT 



\ TTL (IN) 


M5960 
TRAN/REC1 


(SERIAL) 


PASSIVE 
TERMINAL 


TTL (OUT) ^ 




^ TTL (IN) 


TRANS/REC2 








PASSIVE 
TERMINAL 


TTL (OUT) ^ 




^ TTL (IN) 






TTL (OUT) ^ 


TRANS/REC 3 
TRANS/REC 4 




PASSIVE 
TERMINAL 


^ TTL(IN) 






TTL (OUT) ^ 




PASSIVE 
TERMINAL 









Figure 1 Typical M5960 Application Diagram 



RECEIVERS 

Each of the four receiver circuits consists of a differential current source 
circuit which senses the current flow in a passive terminal such as a tele- 
typewriter keyboard or the collector of an optical isolator network. Jumpers 
Wl— W4 shown on Figure 2 connect a capacitor across the 20 mA input 
circuit to provide high noise immunity at standard TTY data transmission 
rates of 110 baud. When used in applications requiring rates greater than 
110 baud, the appropriate jumpers can be removed. 

When current flow above approximately 10 mA is sensed at the 20 mA re- 
ceiver circuit (R+ and R— ), a low TTL output is produced. Current flow below 
approximately 10 mA results in a high TTL logic level at the output. Each 
receiver output is capable of driving 10 TTL unit loads. 

TRANSMITTERS 

Each of the four transmitter circuits provides a 20 mA current source used 
to drive a teletypewriter printer or similar passive device. The transmitter 
circuits receive TTL-compatible levels at the input to control the 20 m A cur- 
rent at the output (+T and — T). A low TTL level produces a 20 mA current 
flow at the output terminals to activate a relay or Light Emitting Diode (LED) 
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in an optical isolator network. A high TTL level at the input inhibits the 20 
mA current from flowing at the output, and disables a relay or LED con- 
nected to the current loop circuit. 



GENERAL SPECIFICATIONS 
Receivers: 

input Current , Output TTL 



15 mA (and over) 
5 mA (and under) 

Transmission Rate: 

TTL Drive: 



Low Level 
High Level 

9600 baud (max) 

10 unit loads 




Figure 2 M5960 Jumper Lead Locations 



Transmitters: 

Input TTL 

Low Level 
High Level 



Output Current 

20 mA (max) 
0 mA (approx.) 



Transmission Rate: 



9600 baud (max) 



TTL Sinl<: 



2 unit loads 



Power Requirements: 

+5 Vdc 
. -15 Vdc 



320 mA (max) 
200 mA (max) 

5''C to ep'O, non-condensing 



Operating Temperature: 
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M6865 

OPTIC ISOLATOR OUTPUT MODULE 



ISOLATION/ 

LEVEL 
CONVERSION 



M SERIES 




M6865 Optic Isolator Output Module 
355 




M6865 Optic Isolator Output Module (cont.) 



356 




INTRODUCTION 

The M6865 Optic Isolator Output Module is used to electrically isolate and/or 
convert the signal levels between peripheral devices and a TTL-compatible 
interface of a processor or controller system. The M6865 can effectively be 
used in any application where conversion or isolation is required. 

The module contains 20 optically-coupled circuits, each of which provides ac 
or dc signal isolation between the inputs and outputs of the module. The 
data signals transferred through each of the module circuits are optically- 
coupled to provide a maximum of 1500 V isolation between the current loop 
and the TTL logic. Eighteen output circuits accept TTL-compatible levels from 
the interface to control the conduction of the 18 floating transistors in the 
optic couplers. Each of the transistor outputs is capable of switching 1.6 mA 
of current. Two input circuits receive controlling signals from current-pro- 
ducing devices and convert these signals to TTL-compatible levels. Each of 
the two input circuits is protected against reverse voltage conditions by 
diodes which are shunted across the input terminals. 

Signals are transferred to or from the module through the module pins and 
backplane wiring or through cable assembles that attach to two 40-pln con- 
nectors conveniently mounted near the edge of the module board. This allows 
the module to be inserted into computer busses and other prewired back- 
planes for convenient mounting. The module input and output circuits can 
be easily disconnected from the backplane of a system' unit by removing the 
jumper leads that are installed on the module board. 

Each signal pin on the 40-pin cable connector (Jl) has an associated ground 
pin to enable proper shielding of the TTL levels. ^ 
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The M6865 is a double-height, extended-leogth module and occupies two 
slots when inserted into a standard DIGITAL connector block. 



FEATURES 

• Complete electrical isolation between inputs and outputs. 

• Signal transfer to and from module through module pins and back- 
plane wiring or through cable and connectors. 

• Floating transistor outputs, reverse voltage protected. 

• Capable of isolating 16 data and 4 control lines. 

• Device input voltages adjustable by adding resistors on board.. 

• Standard DIGITAL power and ground pin configuration. 

GENERAL SPECIFICATIONS 

The input of each of the two optically isolated input circuits is to a LED. A 
forward current of 8 mA (30 mA max) will activate the LED and cause the 
transistor to conduct. The output of each input circuit is a TTL level with a 
fanout capability of 10 unit loads. 

The input of each of the 18 optically isolated out'fSut circuits is to a LED 
which is pulled up to 4-5 V through a resistor. These inputs are TTL com- 
patable and represent 10 unit loads. Each output is capable of driving one 
unit load. J 



2 — Input Circuits . 
Input (Jl) 

O-r-2 mA 
8^30 mA 

18 — Output Circuits 
TTL Input (J2) 
HIGH (lOOMAat 4-7 V) 
LOW (-16. mA at 0.4 V) 

'Maximum collector-emitter voltage=30 V 



TTL Output 

HIGH (-400 mA at 2.4 V) 
LOW (16 mA at .4 V) 



Output (Jl) 
50 nA (max) at 10 V* 
1.6 mA (min) at 0.5 V 



Optic Isolators 
Condition 
turn-on 
turn-off 

Size 



Power 

Operating 
Temperature 

Relative 
Humidity 



Time 
15 ns (max) 
15 (max) 



Diode Current 
16 mA 
0 mA 



Double height — 5.187 in. (13.17 cm) 
Single width — 0.5 in. (1.27 cm) 
Extended length — 8.5 in. (21.59 cm) 

+5 V ±5% at 340 mA (max). 

5°C (41 "F) to 50°C (122° F) 

10% to 95%, without condensation 
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M7390 

ASYNCHRONOUS TRANSCEIVER 



COMMUNI- 
CATIONS 



M SERIES 



Length: Extended 
Height: Double 
Width: Single 



OUT H (a} 



OUTL (bJ 

0B7H[T]eEa 
De6H[Tp 
DBS h|T|^ 




^fi^f] ECHO L (NOTE 2) 



^S^T) INH 
'•-'-[io) RD7 H 



19.2 KHZdof 
38.4 KHZ (9} 
76.8 KHZ (J]' 

RESET 



41] HDl 
■(10I RD 6 H 
{|] RD6 L _ 
■(10] R06 H 

""■jio|R04H . 
'{U R04 L 
■® RD3 H 
={9] HD3 L 
4w) RDZ H 
'{l] Rp2 L 
■0 Wl H 
^ R01 L 

^ Roa H 
{9] Roe L 

^ ROE L 
^-(10] DA H 
■Q DADLYH 
'{t] DADLY L 
^{J] AUTO RESET H (NOTED 
' ^{D ROA L 

t]PE H 
■(T] OR H 

-Q] SVdE L 



NOTES *"TIED TO -I5V WHEN M7390 USED TO ORIVE CURRENT LOOP 
»«"OPCN OOLI^OR OUTPUT 
I. MUST BE TIED TO CROUND IF RDA L NOT USED 
Z.MAY BE LEFT OPEN IF ECHO NOT DESIRED 



Volts 

+5 

+10 

GND 

—12* 

-15* 



Power 
mA (max.) 
700 
3 

64 

80 



Pins 
BA2 
AV2 
BC2 
BR2 
882 



'Requires —12 V or —15 V only, not both. 
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DESCRIPTION 

The M7390 asynchronous transceiver is a modular sul}system which provides 
asynchronous serial line compatibility for data communications applications. 
The M7390 combines input/output level converters, parallel-to-serial and 
serial-to-parallel conversion, and a crystal controlled &locK, into one module. 



APPLICATIONS 

The M7390 can be used for computer terminal applications, data entry de- 
vices .or any system which requires asynchronous serial line compatibility. 
The M7390 may also be used to drive modems conforming to EIA RS-232C 
specifications or current-operated devices such as Teletypes. 



FUNCTIONS 

There are three groups of functions on the M7390 — error detection, data, 
and control. 

Error Detection: The error function Of the module allows three types of 
errors to be detected. These are: 
\ ... 

1. Parity: If the received parity bit does not agree with the expected 
parity bit, the parity error flag is set. 

2. Overrun: The receiver section of the M7390 is fully double buffered. 
Therefore, one full character time is allowed to remove the received data 
from the receiver buffer before a new character is assembled and trans- 
ferred. If the character is not removed before a new one is loaded, the 
overrun flag is set. 

3. Framing: Since the M7390 is asynchronous, the absence of a stop bit 
can be detected. For example, an eight bit data character would have one 
start bit, eight data bits, and one or two stop bits. Therefore, a stop bit 
is expected as the 10th bit to be received. If the 10th bit is in the logic 
TRUE (marking) condition no error is detected. However, if the 10th bit 
is a logic FALSE (spacing) condition, the framing error flag is set. The 
framing error flag is useful for detecting open lines or null^ characters. 

Data Functions: The M7390 performs serial-to-parallel and parallel-to-serial 
conversion. The parallel side of the module is TTL compatible. The serial 
inputs and outputs are available as three signal sources: EIA, current loop 
or TTL. The current loop and EIA input and output are available only on the 
eight-pin MATE-N-LOK connector on tR5" fiont of the module. 

The EIA input corresponds to RS-232C specifications. In addition to the EIA 
signals RECEIVED DATA and TRANSMITTED DATA, the DATA TERMINAL 
READY signal and SIGNAL GROUND are also provided. 

The current loop input/ output is designed to operate on a 20 to 100 mA 
current loop. The M7390 uses optical couplers to provide 1500 volts of 
isolation between the M7390 ground and power and the driving source. The 
serial input will respond to a 20 mA current flow^ Current flow is a marking 
condition (binary 1). The external source must not exceed 35 volts dc open 
Circuit voltage or 100 mA current. The serial output is a transistor switch 
that can turn a current loop on or off. The open circuit voltage of th«K:urrent 
source must not exceed 35 volts dc. 

The TTL versions of the serial input and output signals are available on the 
module pins and may be used in place of the level converter signals. 
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Control: The M7390 provides full control of the receiver and transmitter sec- 
tions. All control pulses must be greater than 250 ns in width. Data to be 
loaded into the module must be present 250 ns before the DATA STROBE 
pulse. 

Receiver Control Signals: 



DA Data Available ^ 

DA DLY Delayed Data Available 

AUTO RESET Allows DA to be automatically reset. 

RDE Receiver Data Enable. Places data and control 

signals on the pins of the module. 
RDA Reset Data Available 

Transmitter Control Signals: 

TBMT Transmitter Buffer Empty 

ECO End of Character 

Error Control and other Signals: 

NP No Parity 

POE Parity Odd or Even 

SWE Status Word Enable 

CS Control Strobe 

NBl, NB2 Number of Bits in data word 

SB Number of Stop Bits (1 or 2) 

XR , External Reset (clears all registers) 

RESET Negative pulse used for clearing module during 
power-up. 

RCLK Receiver Clock Input 

TCLK TransmittertJIock Input 



PRECAUTIONS 

1. EIA and current loop connections are available on an 8-pin 'MATE-N-LOI^ 
connector located in the handle position on the B half of the board. 

2. Provision is made to power this module from either —15 or —12 volts 
dc. Do not use both simultaneously. 

3. Current loop input and dutput circuits must not have more than 35 volts 
peak applied or greater than ICQ mA current flow. 

4. The M7390 contains an MOS LSI chip. Care must be taken in proper 
handling and grounding of the module to prevent damage to the MOS 
chip. 

5. The -f 10 volt dc supply is required only if the EIA level converters are 
used, or if the module is going to be used as a current source. 

6. If the M7390 is used as a current source, 20 mA additional current must 
be supplied bythe —15 volt and the +10 volt power supplies. 
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SPECIFICATIONS 

Data Format: Asynchronous, serial by bit. least significant bit first. 
Input/ Output Level (Serial): 

1. EIA RS-232C: Binary 1 = -3 to -25 volts dc 

Binary 0 = +3 to +25 volts dc 

2. Current Loop: Mark (Binary 1) = 20 to 100 mA current flow 

Space (Binary 0) = <3 mA current flow 

3. TTL: Binary 1 = HIGH 

Binary 0 = LOW • 



Data Rates: (TTY Mode) 110, 150,'300 Baud 

(EIA Mode) 110, 150, 300, 600. 1200, 2400, and 4800 Baud. 

Character Format: One start. 5, 6, 7, 8 data, parity (if requested), one or 

two stop bits. 

Clock Frequencies (kHz): 1.76. 2.4. 4.8. 9.6, 19.2, 38.4. 76.8 
Input/Output Levels (Parallel): All TTL compatible. 
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DRY CONTACT FILTERS 

K580. K581 



PULSE 
SHAPING 



Length: Single ^ \ 22O 
Height: Single ^ 
Width: Single 



ISO. if 4^ 



150jif;^ ^220 



0— WNr I 

3 



SOLOER < 
LUGS ^ 



0— VW— f- 



6 7^ 



0— ^A/v - I 

Tl 

8 



0->W\r— 
9 



0— WNr— 



220 

rJL ^ 



■0 



SOLDER^ 
LUGS ' 



2 |-W«rHt 
0l-^AA^- 

3 r-VWH. 
0i-VVV/— - 

0i-WSr-- 



■•5V 



6 t^wv-.' 
0i-wv-- 

0- *-WN<— ■ 
0LwN/— - 

9 

01- WV — 



68jjf 

F 



*Should be followed by a 
Schmitt trigKor circuit for 
TTL logic. 



K589 

I , ^ CONTACT 

_jwynw\__r^' 



K581 



OUTPUT 



i 



3.9K 

— Qy 



220 

-VVSr- 



+100 



:220 



150 UF 



Typical K580 circuit 
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These filters convert signals from dry or wiping contacts to logic levels. 
Primarily they are used with gold contacts such as encapsulated reed limit 
switches, thumbwheel switches, and the like. Those push-buttons or slide 
switches that provide good wiping action will also operate reliably with these 
filters. 

Schmitt Triggers should be used on the outputs of both the K580 and K581 
when they are used for one shot or timer inputs. 

Access to K580 and K581 inputs is by solder lugs only. Strain relief holes 
are provided in the board (near handle) for a 9-wire cable. The avoidance of 
contact connectors on the logic wiring panel combined with heavy filtering 
guarantees noise isolation and protects modules by preventing accidental 
short circuits. Below is a summary of other characteristics. 





Contact 
Current 


Contact 
Voltage 


Output for 
Contact Closed 


Time Delay 
on Closure 


Time Delay 
on Opening 


K580 


22ma 


See Table 


high 


10msec 


30msec 


K581 


22ma 


5V 


low 


20msec 


20msec 



(Time delay figures above .are nominal, and assume connection to the input 
of a standard gate such as K113 or K123.) 



The contact current for the K581 comes from the logic supply, making it very 
important to assure freedom from accidental high voltages on K581 inputs 
which could damage many logic modules by getting through to the system 
power supply. This hazard is not present with the K580, which uses an ex- 
ternal source of -flO volts or m^rej^The table below shows how external 
dropping resistors may be added to provide higher voltage operation. 



TABLE OF K580 VOLTAGE DROPPING RESISTANCES 



CONTACT 

SUPPLY 

VOLTAGE 


10 


12 


15 


24 


28 


48 


90 


100 


120 


Dropping 
Resistance 


0 


82« 


220n 


620n 


820n 


1.8Kn 


3.6Kn 


3.9Kn 


4.7KO 


Dissipation 




0.05W 


O.llW 


0.3W 


0.4W 


0.85W 


1.8W 


2.0W 


2.5W 



When using dropping resistors and higher voltage supplies, total tolerance of 
resistors and supply should be ± 10% to insure high levels between +4 V 
and +6 V at the logic. Also observe that a handful of dropping resistors in 
90 V or 120 V systems may dissipate more power than the entire logic sys- 
tem, and must be located so as not to cause excessive temperature rise in 
the logic system. 
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Note that these circuits may not be paralleled to obtain the wired OR or 
wired AND function, and that fanout is limited to 2 milliampers in order to 
maintain the low (zero) output voltage within normal specifications. Fanout 
to ordinary logic gates and diode expanders may be raised to 4 milliampers 
if some noise and contact bounce rejection can be traded off; but hysteresis 
inputs may not switch properly, if the logic zero is allowed to rise much 
above +0.5 V. " 

Looking at the component side of both the K580 and K851, the solder lug 
connections are numbered 1 to 9 from pin end to handle end. 




K581 
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ISOLATED AC SWITCHES 

K616 



Length: Single 
Height: Double 
Width: Triple 



LOGIC 
AMPLIFIERS 



2 



AF 



(BP) 
AH 



0 



AM 



(BJ) 
AN 



(BC) 
AU 



(BB) 



BF 



(AP) 



(AN 



-0 SUPPLY 
2 

-(S)>-OAO 



SUPPLY 



4 

-(S)load 



-0 SUPPLY 
6 



-vw — ^ 



LOAD 



I SUPPLY 



8 

-0LOAD 



SUPPLY 
RETURN 



10 



0NOT 



USED 



Power 

Volts mA (rfiax.) Pins 
+5 lOd AAl 
AA2 

GND ~^ Aei 

AC2 
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The K616 isolated ac switch module contains four isolated 120 Vac .TRIAC 
output circuits. Each output is fused and has a light-emitting diode to indi- 
cate when the output is ON. The fuses can be changed from the iferminal 
strip side of the module without removing field wiring or removing the module 
from the system. The K724 Interface Shell can be used to provide suitable 
mounting for the K616. 

The K616 contains a 10-terminal nylon terminal strip with 3/8 spacing be- 
tween terminals. The terminal strip meets NEMA and JIC specifications re- 
garding barrier height and voltage breakdown. It has captive screws with wire 
clamps to accept 2-14 AWG wires and is color coded red for ac. Each ter- 
minal is marked according to its function: Supply (LINE), Switched Output 
(^) AC Return (NEUT), and Chassis Ground (GND). 



SPECIFICATIONS 

Output Turn On Time: 

Output Turn Off Time: 

Output Voltage: 
Output Current: 
Output VA: 

Output Surge Current: 

Output Off State 
Leakage Current: 

Output Off State dv/dt: 
Output Indicator Light: 

Fuse Protection: 
Temperature Range: 
Power Requirement: 



MIN: 1 MS 
MAX: 50 ^s 

l7?~cycle of ac line maximum. (Turns off when out- 
put current goes through zero after removal of 
input) 

12—140 V RMS AC, 50 — 400 Hz . " ■ 
0.030-5.0 A RMS AC 

500 VA maximum per output, not to exceed 1000 
VA for all four circuits. 

20 A for 1 cycle of AC line 

0.005 A maximum v 

Output will withstand a voltage change of at least 
100 V//iS without turning on. 

The LED indicator will indicate the presence of 
80 — 140 Vac at the output terminal. It will be off 

if the output is off, or the fuise is^ open. 

5 A continuous Littlefuse type 275005 
0°C to 70°C 

+5 Vdc ±10% @ 100 mA MAX 70 mA TYP 
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DC DRIVER 

K652 



LOGIC 
AMPLIFIERS 



Length: Single 
Height: Double 
Width: Triple 



[3}^ 



Volts 
5V 



GND 



Power 
mA (max.) 



Pins 
AA2 
BA2 
AC2 
BC2 



^2 



^7 
8 



OUTPUT 
TERMINALS 



„ POSITIVE 
SIDE OF 
^ LOAD SUPPLY 



* 10 mA with all circMits off 
160 mA additional per circuit on 



K652 DC DRIVER 

The K652 DC driver has four circuits each of which can deHver up to 2.5 
amperes at up to 55 volts. Like the K578, K614, K656 and other modules, 
this unit has built-in clamp-type terminals for wires up to size 14. It can be 
mounted in the K724 interface shell, but does not have neon indicators 
across the output terminals as other shell mounted modules. 

The positive ^ide of the load supply should be connected to protect output 
transistors from damage due to turn-off transients. See the application sec- 
tion for further DC driver information. „ 

Terminals 2, 4, 6 and 8 must be connected directly to the negative terminal 
of the load power supply or damage to the rnodule will result from high 
currents. 
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DC DRIVERS 

K657 



LOGIC 
AMPLIFIERS 



Length: Single 
Height: Double 
Width: Triple 



□ Ml 
(SHI 





DC DRIVER 


1 




OC DRIVER 





AT 






1 


(BCl 








DC DRIVER 


□ 


AU 

(bbT 









(AP) 










OC DRIVER 




BH 
(AN)' 







OUTPUT 
TERMINALS 



POSITIVE 
9 SIDE OF 

LOAD SUPPLY 



Power 

Volts mA (max.) Pins 

+5V • AA2 

GND AC2 



* 88 mA with all outputs off 
130 mA witii all outputs on. 

The K657 DC Driver module contains four 250 Vdc drivers. Each circuit of 
this driver can switch to ground up to l.OA at up to 250V The outputs 
will switch to ground whenever both AND gate inputs are high (logic 1). 
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DC DRIVER 

K658 



lOGIC 
AMPLIFIERS 



AH 



(3} 



AM 



AN 



AU 



[3} 
[3} 



BF 



BH 





DC 
DRIVER 




^ 


DC 
DRIVER 






DC 
DRIVER 






DC 
DRIVER 




Power 

Volts mA (max.) Pins 

+5 • AA2 

GND AC2 



OUTPUT 
TERMINALS 



POSITIVE 
SIDE OF 
LOAD SUPPLY 



*10mA with all outputs off 
350mA additional per cir< 
cult on. 



K658 4 AMP DRIVER 

Each circuit of this versatile driver can deliver up to 4 amperes at up to 125 
volts. This module has integral clamp-type terminals and neon indicator 
lamps. (Lamps are effective only at 90 volts and above.) This driver module 
is designed to be used with K724 interface shells. Positive side of load sup- 
ply must be connected to protect output transistors from damage during 
turnoff transient. 

Terminals 2, 4, 6 and 8 must be connected directly to the negative terminal 
of the load power supply or damage to the module will result from high 
currents. 
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5-DIGIT DISPLAY 

K675 



LOGIC 
AMPLIFIERS 



DIGIT 1 DIGIT 2 DIGIT 3 DIGIT 4 DIGIT 5 



8421 6421 8421 8421 8421 



+5VDC 
G^D 

jsPARE 

MINUS SI6Nt>l6IT1 



CMUInZ- CM—CM— 10— mi- ^ — K) — w z. — — 

25 PIN CABLE CONNECTOR 



I I I I I 



BCD TO 7 SEGMENT 
DECODER DRIVERS 



/ 1 

./ / 


f i 

./ 1 


1 / 
.1 / 


/ 1 
.1 I 


1 I 

J I 



DIGIT 1 DIGITS 



The K675 is a 5-digit display module designed to be panel mounted. Five 
digits of 7-segment LED readouts are housed in a plastic bezel with a iucite 
window which can be mounted through a panel cutout. The display is con- 
nected to the logic backplane wiring by a 10 foot, 25-conductor cable 
(BC14F) and a double height cable connector module, K783. Five digits 9f 
BCD-coded data, presented to the K783, will be displayed by the K675. 

A blanking feature to suppress zeroes to the left of the last non-zero digit 
is controlled by a wire jumper on the display module. The display is pre- 
enabled for blanking but can be disabled by removing a wire jumper. If dis- 
abled, the K675 wilt display all BCD digits, including zeroes, 

A decimal point is located to the left of each digit and can be controlled by 
jumpers W2 through W6. Removing a jumper will extinguish the correspond- 
ing decimal point. 

Digit 1 can be used for a minus sign when displaying 4-dlgit negative num^ 
bers. When the minus sign is used, digit 1 is not available for displaying 
other numbers. The minus sign is illuminated by groundng pin 20 directly, 
or with a NAND gate or inverter. 
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.100 0»A THRU 
4 HOLES 




Panel Cutout Dimensions 

DISPLAY SEGMENTS 
o 

f|_2_jb 



DECIMAL 
VALUE , 


SCO INPUTS 


S0n773l/7731 . 


SEGMENT OUTPUTS 


FONT 


8 


4 


2 


1 y 


a 


b 


c 


d 


( 


1 


1 




0 


0 


0 


0 


0 


1 


1 


1 


1 


1 


I 


0 


i~i 




0 


0 


0 


1 


0 


1 


1 


0 


0 


0 


0 


1 




0 


0 


1 


0 


1 


1 


0 


1 


1 


0 








0 


0 


1 


1 


1 


1 


1 


1 


0 


0 




~ 




0 


1 


0 


0 


0 


1 


1 


0 


D 


1 




S' 




0 


1 


0 


1 


1 


0 


1 


1 


0 


1 






s 


0 


I 


1 


0 


0 


0 


I 


1 


1 


1 




1 

l-l 


7 


0 


1 


1 


1 


1 


1 


1 


0 


0 


0 




~l 

1 


8 


1 


0 


0 


0 


1 


1 


1 


1 


1 


1 




Q 


9 


1 


0 


0 


1 


1 


1 


1 


0 


0 


1 




□ 


10 




0 


1 


0 


0 


0 


0 


I 


1 


0 






It 1 


0 


I 


1 


0 


0 


1 


1 


0 


0 






1 

12 i I 


1 


0 


0 


0 


0 


1 


1 


1 


0 




u 






1 


0 




1 


0 


0 


1 


0 


1 




c 




— ■ 

1 


1 




0 


0 


0 


0 


1 


1 


1 




1 

(_ 




1 ll 




, 1 . 


0 


0 


0 


0 


0 


0 





NOTE: 1° Segment ON 
0 = Segment OFF 
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W960 
MSI MODULE BOARD 



MISCELU- 
NEOUS 



-54 



*5V,AZ ^ [ 
SMO.CZ * ' 

NOTES: 

1. Copocltori CI and CZ to ti wpplitd 

and Initallad, ond valuM to b* dtttrminad by u<*r. 

2. Inttjratad cireuitt IC1 ond/er IC2 or IC3 to 
b* Kippliad and iiutollid by uttr. 



s 



The W960 MSI Module Board is a single-height, standard length module 
board that can accommodate either two 14- or 16-pin dual-in-line package 
(DIP) Integrated circuits (ICs) or one 24-pin DIP IC, either with or without 
sockets. All IC pin plated-th rough hole locations are identified with their 
associated board contact finger and are all brought out to the board con- 
tact fingers via printed circuit etching, as shown on the schematic diagram. 
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W964 

UNIVERSAL TERMINATOR BOARD 



MISCELLA- 
NEOUS 



PADS TO COMMON 
CONTACT TIE POINTS 
FINGERS +5V 



R1 R2 R6 




TO OTHER CIRCUITS 
ASSOCIATED WITH 
THE OTHER (25) VO 
SIGNAL CONTACT 
FINGERS 



JUMPER 
(+5V TO 
COMMON 
TIE POINTS) 



VUTSRPNMLK JHFEOCBA 
NOTES: 

All PC etch not shown; of that shown, sida 1 etch 



shown with solid lines and side 2 etch shown with 
dashed lines. 

Resistance values to be determined by user. 

Resistors to be supplied by. user. 

Pull-up/ terminotlon network schematic diagram 

shows three typical networlts (to contoct fingers 61,01, and El) 



W964 Component Layout Diagram 
and Pull-Up Termination Schematic Diagram 
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The W964 Universal Terminator Board is a single-height, standard length 
module. It is an etched and drilled module that can be used for mounting 
user-selected and user-supplied discrete components to provide a variety of 
termination or voltage source circuits for up to 28 signal pins. Each signal 
pin can have two components connected to ground and one component con- 
nected to -1-5 volts. Any discrete component can be mounted on the W964 
if the physical size is approximately the size of a 1/4-W resistor or disk 
capacitor. Three typical pull-up/termination network circuits are illustrated 
on the component layout and schematic diagram. 

The 28 contact fingers (signal pins) that can be used for I/O signals are Bl, 
Dl, El, Fl, HI, Jl, Kl, LI, Ml, Nl, PI, Rl, SI, D2, E2, F2, H2, J2, K2, L2, 
M2, N2, P2, R2, S2, T2, U2, and V2. The pads associated with the contacT 
fingers are identified on the boards to facilitate mounting the discrete com- 
ponents. Contact fingers A2 and 62* are dedicated to voltage. Contact fingers 
C2 and Tl are dedicated to ground. 



** In many systems, contact finger B2 is bused to —15 V. 
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G772 

POWER CONNECTOR 



MISCELU- 
NEOUS 



The G772 is a single-width, single-height, short-length board used to connect 
power to a backplane assembly such as a BBll or DDll. 

G772 Typical Connector Assignments 



G772 



DC LOW 



AC LOW 



Wl-DC LOW 
W2-AC LOW 




rlSVdc 



^ A1 

, A2 

,BI 

, B2 

, C1 

, C2 

,D1 

,D2 

,E1 

,E2 

,F) 

,F2 

,H1 

,H2 

,J1 

, J2 

,K1 

, K2 

,L1 

, L2 

, M1 

, M2 

,N1 

,N2 

, P1 

, P2 

, R1 

,R2 

, S1 

,S2 

, T1 

^ T2 

,U1 

,V1 
. V2 



■I5V 
••15V 



W2 



.Wl 



-25V 
■ LTCL 
AC LOL 
DC LOL 



♦ 8V 
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Length: Standard 
Height: Single 
Width: Single 



MULTI- 
PLEXERS 

A SERIES 



0 

H K P N M L J 



0^ 



[A}iL 
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[aI 'ANALOG SIGNALS 

(00 NOT CONNECT TO 
LOGIC LEVELS) 



Power 

Volts ihA (max.) Pins 
+10 18 D2 
+5 45 A2 

GND ' 02, Tl 

-20 .50 E2 
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The A123 Multiplexer provides 4 gated analog switches that are controlled 
by logic levels of 0V and*-|-3V. The module is equivalent to a single-pole, 
4-position switch, since one output terminal of each MOS FET switch is tied 
together. If all three digital inputs of a circuit are at +3V (or not connected) 
the two output terminals are connected together. If any digital input is at OV, 
the switch terminals are disconnected. Two switches should not be on at 
the same time. The analog switch can handle signals between -|-10V and 
— lOv, with currents up to 1 m A. 

The positive power supply must be between -}-5V and + 15V, and at least 
equal to or greater than the most positive excursion of the analog signal. 
The negative power supply must be between —5 and ~20v, and at least 10 
Volts more negative than the most negative excursion of the analog signal. 
The voltage difference between the two supplies must not be more than 30V. 



SPECIFICATIONS 



Digitai Inputs 



+2.4V to +5.0V 
O.Ov to +0.8V 
0.5 mA. at 0 Volts 



Logic ONE: 
Logic ZERO: 
input loading: 



Analog Signal 



Voltage range: 
Current (max.): 



+10v to — lOv 
1 mA 



Output Switch 



On resistance, max.: 
On offset: 



1000 ohms 
0 Volts 



Off leakage, capacitance: 



10 , n A, 10 pF 



Turn on delay, max.: 
Turn off delay, max.: 



0.2, ixsec 
0.5 usee 
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A126 

8 CHANNEL HIGH IMPEDANCE 
MULTIPLEXER 



MULTI- 
PLEXERS 

A SERIES 



Length: Standard 
Height: Double 
Width: Single 



CH 0 EN jT} 
CH 1 EN [2} 



BV2 



BT2 



CH2 EN 2 



|BR2 



CH 3 EN [?} 
CH 4 EN (T} 
CH 5 EN [T} 
CH 6 EN {2} 
CH 7 EN (2} 



BN2 



BL2 



BJ2 



AT2 



AR2 



CH 0 IN [a} 



BU2 



CH 1 IN [Ap^ 
CH 2 IN (a}5P1- 
CH 3 IN (a}M2 



CH 4 IN [a}M1 
CH 5 IN [a} 



BH2 



AS2 



CH 6 «N (a} 
CH 7 IN 



PRIORITY 
DECODER 



^? P 



4 



AO 

AU2 rriMiix 

liJen 



Volts 

+5V±5% 

+15V±5% 

-15V±5% 

•GND 

•GND 



Power 

mA (max.) 

100 

17 

12 

LOGIC 
ANALOG 



Pins 
AA2 

ADl, AD2 
AEl, AE2 
AC2, ATI 
AFl, AF2 



*Analog GND must be connected to LOGIC GND 



379 



The A126 is an eight-channel, high-impedance multiplexer module with each 
channel controlled by an associated enable input. The conduction or non- 
conduction of each channel is controlled by FETs and the channel outputs 
are connected together to a common terminal. Each channel is capable of 
switching bipolar (±12 V) analog signals and is protected against random 
switching in the event of overvoltage and power down or loss of power con- 
ditions. 



FUNCTIONS 

The enable inputs, associated with each channel, are priority encoded to 
ensure that only one channel is connected to the output at a time. Therefore, 
more than one Channel enable input can be asserted at one time. Channel 
0 is the highest priority and channel 7, the lowest priority. The enable signals 
required are TTL or DTL compatible levels. Three TTL outputs are provided for 
identifying the selected channel, and one TTL multiplexer enable output indi- 
cates that one of the eight channels has been selected. The selected channel 
number is specified by an octal code on lines A0-A2. 



APPLICATIONS 

The A126 can be used to multiplex up to eight signals from the analog in- 
puts into buffer amplifiers or circuits with a minimum input impedance of 10 
megohms. 



SPECIFICATIONS 



Analog Inputs: 

CHO (IN) — CH7 (IN) 
Voltage Range 
Impedance (ON) ' 
Analog switch turn-on 
Analog switch turn-off 
Analog switch current 
Jumper Wl 

TTL Input Signals 

CHO (EN) — CH7 (EN) 
Input Voltage 

TTL Output Signals 

AO — A2 

MUX EN 



8 single-ended channel inputs 

±15 V (max.) 

1040 ohms ± 10% 

1.0 usee (max.) 

0.5 ^sec (max.) 

2.0 mA (max.) 

(Not for customer use) 

8 enable inputs associated with each channel 

Low (enable) — 0.8 V (max.) 
Higjj (disable) — 2.0 V (max.) 

A 3 bit code identifying the channel that is 
currently enabled. 

Asserted low whenever one or more channels 
is enabled. 
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TRUTH TABLE 



TTL ENABLE INPUTS 


. OUTPUTS 




MUX 

CM 
LIN 


AO 


A 1 


AH 


Analog 
Channel 


CHO 


CHI 


CH2 


CH3 


CH4 


CH5 


CH6 


CH7 


H 


H 


H 


H 


H 


H 


H 


H 


H 




H 


H 


NONE 


H 


H 


H 


H 


H 


H 


H 


L 


1 

L 


1 1 

n 


i_i 
n 


L] 

M 


7 


H 


H 


H 


H 


H 


H 


L 


X 


L 


H 


H . 


L 


5 


H 


H 


H 


H 


H 


- L 


X 


X 


L 


H 


*L 


H 


5 


H 


H , 


H 


H 


L 


X 


X 


X 


L 


H 


L 


L 


4 




H 


H 


L 


X 


X 


X 


X 


L 


L 


H 


H 


3 


H 




L 


X 


X 


X 


X 


X 


L 


L 


H 


L 


2 


H 


L 


X 


X 


X 


X 


X 


X 


L 


L 


L 


H 


1 


L 


X 


X 


X 


X 


X 


X 


X 


L 


L 


L . 


L 


0 



H = High Level L r: Low Level X = Either High or Low 



A207 

OPERATIONAL AMPLIFIER 



Length: Standard 
Height: Single 
Width: Single 



AMPLIFIERS 



A SERIES 



r 



NOTEl 



AUX. V 
INPUTS ^ T 



oc .v<v-o- -vw - - 



u 

GUARD O- 



-V#V 4-- 



--0 



-INPUT 



S 

o — a= 



(INVERTING) N0TE2 



+ INPUT ^ 
(NON-INV^ 



' * ■ 

GAIN 



BAL IK 




6F 

ANALOG GNO 



V 

-O OUTPUT 



Volts 

dSND 
—15 



Power 
mA (max.) 
6 

ANALOG 
10 



Pins 
D2 
F2 
E2 



NOTE 1. Mounting holes are provided on the module so that input and feedback 
components can be added. Components shown with dashed lines are not 
included with the module. 

NOTE 2. This jumper comes with the module. It may be ramoved to suit circuit re- 
quirements. 

NOTE 3. Pins L & M can be connected together to improve settling time, but param- 
eters such as drift and open loop gain are degraded. 

The A207 is an economical Operational Amplifier featuring fast settling time 
(5 us to within 10 mv), making it especially suited for use with Analog-to- 
Digital Converters. The A207 can be used for buffering, scale-changing, off- 
setting, and other data-conditioning functions required with A/D Converters. 
All other normal operational amplifier configurations can be achieved with 
the A207. 
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The A207 is supplied with a zero balance potentiometer. Provisions are made 
on the board for the mounting of input and feedback components, including 
a gain trim potentiometer. The A207 is pin-compatible with the A200 Oper- 
ational Amplifier. 



SPECIFICATIONS — ^At 25°C, unless noted otherwise. 



Pins L & M Differences with Pins 
Connected L & M Not Connected 



Settling-Time* 

Within 10 mV, lOVstep input, typ: 
Within 10 mV, lOV step input, max: 
Within 1 mV, lOV step input, max: 

Frequency Response 

Dc open loop gain, 670 ohm load, min: 
Unity gain, small signal, min: 
Full output voltage, min: 
Stewing rate, min: 
Overload recovery, max: 

Output 

Voltage, max: 
Current, max: 

Input Voltage 

Input^oltage range, max: 
Differential voltage, max: 
Common mode rejection, min: 

Input Impedance 

Between inputs, min: 
Common mode, min: 

Input Offset 

Avg. voltage drift vs. temp, max: 
Initial current offset, max: 
Avg. current drift vs. temp, max: 

Temperature Range 



3 \isec 
5 ^sec 

7 Hsec ^ 

15,000 
3 MHz 
50 kHz 
3.5v/nsec 

8 \isec 

±10V ^ 
±15mA 

±10V 
±10V 
10,000 

100 k ohms 
5 M ohms 



60 mV/ °C 
0.5 M-A 
SnA/X 

0°C to -f 60°C 



6 (isec 
8 fisec 
10 imsec 

100,000 



30 /tV/°C 



*Gain of 1, inverting or non-inverting configuration. 
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A619 

10-BIT D/A CONVERTER 
SINGLE BUFFERED 



Length: Standard 
Height: Double 
Width: Double 



DIGITAL TO 
ANALOG 



A SERIES 



AE AF |AM AN ftS AT ]B0 BE BH BJ 



YtsaZ^ 28 27 26 25 24 zZ zl 20lsb 

LOAD 

DAC 10-BIT REGISTER 



note: 

logic and analog 
grounds must be 
tied together at 

some POtNT IN THE 
SYSTEM. 




-VREF 



ANLG GNO 



BINARY WEIGHTED NETWORK 



ANLG 
OUT 



BS 



0 



0 



BP 



EXT 
+V REF 



Power 



Volts 


mA (max.) 


Pins 


+15 


25* • 


BV2 


+5 


135 


AA2 


GND 


LOGIC 


AC2 


' GND 


ANALOG 


BT2 


- — 10.06* 


60 


BR2 


-15 


35«* 


BU2 


-15 


50 


AB2 



• ref. 

* * plus output loading 



The A619 Digital to Analog Convjerter (DAC) is complete with a 10-bit buffer 
register, level converter, a precision divider network, and a current summing 
amplifier capable of driving external loads up to 10 mA. The reference voltage 
is externally supplied for greater efficiency and optimum scale factor match- 
ing in multi-channel applications. The module is double width (1") in the B 
connector half. 

The A619 DAC output voltage is bi polar. Binary numbers are represented 
as shown (right justified) in Table 1: 
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TABLE 1 



Analog Output (Standard) 



Binary Input A619 

______ _5V 

04008 -2.5V 
lOOOg 0 Volts 

MOOf, +2.5V 
17778 +5V 



A619 SPECIFICATIONS 

OUTPUT: 

Voltage: ' ±5 volts 

Current: 10 mA. (max) 

Impedance: <0.1 ohm 
Settling Time: 

(Full scale step, resistive load) <5.0 \is 

(Full scale step^ lOOO pf) <10.0 ^s 

Resolution: 1 part in 1024 

Linearity: . ±0.05% of full scale 

Zero Offset: ' ±5mV. (max) 

Temperature Coefficient: <0.2 mV/°C 

Temperature Range: 0 to 50°C 

INPUT 

Level: 1 TTL Unit Load 
Pulse: (positive) 

Input loading: 20 TTL Unit load 

Rise and Fall Time: 20 to 100 nsec 

Width: >50 ns 

Rate: lO* Hz max. 

Timing: , 

Data lines must be settled 40 ns before the ''LOAD DAC" pulse (transi- 
tion) occurs. 



385 



A704 

REFERENCE SUPPLY 



REFERENCE 
SOURCES 



A SERIES 



Length: Standard 
Height: Double 
Width: Single 



AB2 



UNREG. 
INPUT 



REGULATOR 

-SENSE 

REG 
OUTPUT 



•t-SENSE 



GNO 



AV2^ 



AE2I 



AT2, 



Power 

Volts mA (max.) Pins 

-15* 250 AB2 

GNO ANALOG AC2 

* plus or irninus 2 volts 



The A704 Reference Supply converts an ordinary —15 volt logic supply 
voltage into a precisely adjustable regulated —10 volt reference source for 
A/D and D/A converters of up to 13 binary bits. 

FUNCTIONS 

Remote Sensing: The input to the regulating circuits of the A704 is con- 
nected at sense terminals AT (+) and AV (— ). Connection from these points 
to the load voltage at the most critical location provides maximum regulation 
at a selected point in a distributed or remote load. 

When the sense terminals are connected to the load at a relatively distant 
location, a capacitor of approximately 100 /iF should be connected across the 
load at the sensing point. 

Preloading: The supply may be preloaded to ground or —15 volts to change 
the amount of current available in either direction. For driving DEC Digital/ 
Analog Converter modules, —125 mA maximum can be obtained by connect- 
ing a 270-ohm plus or minus 5%, one-watt resistor from the reference out- 
put (pin AE2) to ground (pin AC2). 
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lnput;^ower 

Ose:^ 

Output: 

Current: 

Regulation: 

Temperature 
Coefficient: 

Peak-to-Peak 
Ripple: 

Adjustment 
Resolution: 

Output 
Impedance: 



SPECIFICATIONS 

-15 V 

See text for sensing and preloading 

-10 V < 

—90 to +40 mA 

0.1 mV, no load to full load 

1 mV/8 hrs 

1 mV/ 15 to 35 degrees C 
4 mV/0 to 50 degrees C 

0.1 mV 
0.01 mV 
0.0025 ohms 



387 



A866 
HIGH-SPEED 12-BIT 
BIPOLAR A/D CONVERTER 



ANALOG TO 
DIGITAL 



A SERIES 



Length: Standard 
Height: Double 
Width: Single 



AJl 



AJ2 



© 



AF2 



AHl 



AH2 



AK1 



AK2 








Ar4ALOG INPUT 


B1 




MSB BI 




B2 


ANALOG GND 


B3 




B4 




-B5 




B6 




B7 




88 




89 




BIO 




Bll 




LSB B12 


TRIG f 






BUSY 




EOC PULSE 




DONE 




ClOCK 



BE2 



BF2 



BJ2 



BK2 



BL2 



BM2 



m 
m 
m 
m 
m 
m 
m 

BU2r;n 



BN2 



BP2 



BR2 



BV2 



.DATA 
>OUT 



BF1 
BH1 



Volts 

+5Vi:10% 
+15Vd:3% 
— 15V±3% 
LOGIC GND 



Power 
mA 

(nominal) 

300 

75 

40 



Pins 

AAl, AA2, BAl, BA2 
ADl, AD2 
AEl, AE2 

ACl, AC2, ATI, BCl, BC2, BTl 



The A866 is a 12-bit general pui'pose analog-to-digital converter module 
which uses the successive approximation technique. The A866 is. designed 
to accept unipolar or bipolar single-ended analog voltage as input and con- 
vert it to a 12-bit TTL-compatible, coded digital output. The coded digital 
output is parallel data and is available for application to a computer, ter- 
minal, display, or other logic device. 
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The selection of unipolar or bipolar and voltage range of the analog input 
is determined by jumper leads mounted on the module circuit board. The 
module has factory-installed jumpers that permit its use with bipolar, 10-volt 
full-scale extended-range inputs. By changing the jumper configuration, the 
user can select bipolar or unipolar, 5-volt or 10-volt full scale extended or 
nonextended, input ranges. 

The extended range is particularly useful when the output data is used in 
computations because the LSB is easily expressed as an integer submuitiple 
of the full scale; i.e., full scale/2000, o rather than full scale/2048, o for a 
bipolar configured module and full scate/4000,o rather than full scale/4096i6 
for a unipolar configured model. Therefore, less rounding-off error occurs 
during the computations. In addition, extended range provides some over- 
scale input capability; i.e., +0.2350 Volt and —0.2400 Volt (4-10.2350 Volts 
and —10.2400 Volts full overscale inputs) for a bipolar configured module 
and +0.2375 Volt (+10.2375 Volts full overscale inputs) for a unipolar con- 
figured module. The coded output is 12-bit binary and two's complement 
using the MSB output and the MSB output respectively. 

The A866 can be used wherever fast, accurate analog-to-digital conversions 
are required. 

The high input impedance (100 megohms) at the analog inputs minimizes 
the signal source loading, and the fast conversion time permits an encoding 
rate at the output of 16,000 conversions per second. 

The digital output data, the output control and status signals, and the input 
control signals are all TTL-compatible. 



APPLICATIONS ^ 

The A866 Analog-to-Digitai Module is suitable for use in scientific and in- 
dustrial research applications. It provides fast, accurate analog-to-digital con- 
version from transducers, bridges, or similar instrumentation. 

The A866 Module has factory-installed jumpers that permit its use- with 
bipolar, 10-volt full scale extended range inputs where a change of 5.0 
millivolts at the input corresponds to a change of 1 LSB at the oulf>ut. The 
A866 Module may be reconfigured with jumpers by the user so that it will 
accept analog inputs of any of the following: 



bipolar :t 10-Volt full scale extended range 
bipolar ± 10-Volt full scale nonextended range 
bipolar ± 5-Volt full scale extended range 
bipolar ± 5-Volt full scale nonextended range 
unipolar + 10-Volt full scale extended range 
unipolar + 10-Volt full scale nonextended range 
unipolar -j- 5-Volt full scale extended range 
unipolar + 5-Volt full scale nonextended range 
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Table I 



Bipolar ± 10 Volt Full Scale, Extended Range 
Analog Input Output Code Conversion Chart . 



Analog 
Voltage 
Input 


Two's Complement 
Output Code* 


Scale , 


Base 10 


Base 8 


+ 10.2350 V 


2047 


3777 


+Full Oversea le 


+ 10.2300 V 


2046 


3776 


+Full Overscale — 1 LSB 


+10.0000 V 


2000 


3720 


+Full Scale 


+ 7.5000 V 


1500 


2734 


+3/4 F.S. 


+ 5.0000 V 


1000 


1750 


+V2 F.S. 


+ 2.5000 V 


500 


0764 


+Va F.S. 


+ 0.0050 V 


1 


0001 


+ 1 LSB 


0.0000 V 


0 


0000 


Zero 


- 0.0050 V 


- 1 


7777 


-1 LSB 


- 2.5000 V 


- 500 


7014 


-V4F.S. 


- 5.0000 V 


-1000 


6030 


-1/2 F.S. 


- 7.5000 V 


-1500 


5044 


F.S. 


-10.0000 V 


-2000 


4060 


—Full Scale 


— 1J9.2350 V 


-2047 


4001 


—Full Overscale — 1 LSB 


-10.2400 V 


-2048 


4000 


—Full Overscale 



Note: When an A866 module is jumpered to accept ±5 Volt full scale In- 
puts, the inputs are exactly ^2 of the input value shown in the above 
table. 



* Using MSB output. 
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^ Table 11 



Bipolar ±10 Volt Full Scale, Non-extended Range 
Analog Input to Output Code Conversion Chart 



Analog 
Voltage 
Input 


Two's Complement 
Output Code*^* 


Scale 


Base 10 


Base 8 




Nof 


Not 




' +10.0000 V 


Valid 


Valid 


4- Full -Scale 


+ 9.9951 *V 


2047 


3777 


+F.S. - 1 LSB 


+ 7.5000 V 


1536 


3000 


+3/4 F.S. 


+ 5.0000 V 


1024 


2000 


+ V2 


-H 2.5000 V 


512 


1000 


+y4 


+ 0.0048*V 


1 


0001 


+ 1 LSB 


0.0000 V 


0 


0000 


Zero 


- 0.0648*V 


- 1 


7777 


-1 LSB 


- 2.5000 V 


- 512 


7000 


-y4F.S. 


- 5.0000 V 


-1024 


6000 


-Vz F.S. 


- 7.5000 V 


-1536 


5000 


-3/4 F.S. 


- 9.9951*V 


-2047 


4001 


^F.S. — 1 LSB 


-10.0000 V 


-2048 


4000 


—Full Scale 



Note: When an A866 module is jumpered to accept ±5 Volt full scale in- 
puts, the inputs are exactly of the input values shown in the above 
table. 



* Rounded off value. 
— Us[ng MSB output. 
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SPECIFICATIONS 
Analog Input 

Type of Input 

Impedance 

Input Bias Current 

Overvoltage Limit 

Perturbations 

Encoding Process 

Technique 

Quantizing Resolution 
Encoding Word Time 

Encoding Word Rate 
Code 

Measurement Accuracy Uncertainty 

Warm-up Time 

Absolute (Ref. to NBS STDS) 

Stability 

Overall Tempco 
Tempco of Clock Period 
Long Term 

Sensitivity tb Power Supply Voltage 
For the ± 15 Volt Supply 
For the ±5 Volt Supply 



Single-ended 

>100 megohms 

6 nanoamperes, (max.) 

± 18 volts, (max.) 

The encoding process does not cause 
noise at the inpfit 

Successive approximation 

1 part in 4095 of full range 

15 microseconds, max. (includes 
Op'Amp settling time) 

64,000 conversions/second, min. 

Binary and 2's complement (using 
MSB and complement of MSB) 

at 23°C 

3 minutes 

± 1 LSB at full scale, max. 

±1/20 LSB/°C, max. 
±0.1 percent/ °C, max. 
±1/2 LSB/6 mos., max. 

Changes 

0.002% % V, max., from dc to 1 MHz 

0.0003% % V, max., from dc to 1 
MHz 



FUNCTIONS 
Analog inputs 

The single-ended dc analog input will accept unipolar or bipolar voltage with 
a maximum amplitude of 10 V. 

Control Inputs 

A high to low level change on either of the two ST CONV inputs when the 
CONV EN input is high or a low to high transition on either of the two CONV 
EN inputs when the ST CONV input is low will start the conversion process. 

Data Outputs 

The data outputs are 12 parallel bits plus the complement of 81 (MSB). 
Bit B12 is the LSB. The output code is^vailable in a binary format when 
the Bl output is used and In two's complement when Bl output is used. The 
outputs are TTL-compatible levels. 
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status Outputs 

Three outputs afj^e provided to indicate the status of the conversion process. 
The BUSY output becomes high and remains high while the conversion 
process is' active. The BUSY output becomes low 50 ns after the data is 
available at the output and remains low until the next command to start 
the conversion. 

The DONE output is the complement of the BUSY level. 

The EOC PULSE output becomes a high level for 450 ±50 ns after the DONE 
output level goes high. 

The CLOCK output is a series of 50 ns pulses (min.) generated when the 
A866 Module is performing an analog-to-digital conversion. 

Detailed information on the module Is available on the A866 A/D Converter 
Module (12-Bit, 15-Microsecond) ^data sheet available from Logic Products 
Sales . Support, Accessories & Supplies Group, DIGITAL, MK1-2/E13, Merri- 
mack. NH 03054. 
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/ K SERIES 

K-Series modules are briefly described below. Detailed descriptions are con- 
tained in previous editions of the Logic Handbook, and can also be supplied 
by Logic Products Sales Support at DIGITAL Equipment Corporation, 
MK1-2/E13, Merrimack, NH 03054. 

K003, K012, K026, K028 Gate Expanders 

These inexpensive gate expanders offer great logic flexibility and versatility 
without a proliferation of module types. It must be understood that these 
gate expanders are merely expansions for other K Series gates and can 
never be used as separate AND or OR functions. 

Kl 13, K123, K124 Logic Gates 

Together with the K003, K012, K026 or K028 expanders, these gates perform 
any desired logic function, including AND, OR, AND/OR, NAND, NOR, ex^ 
elusive OR, and wired AND. 

K134 Inverters 

This module contains four inverters with AND expansion capability and an 
inhibit input. It may also be AND expanded by K003 Gate Expanders. 

K135 Inverters 

This module is designed for use in applications that require inverters with 
OR expandability. Four inverter circuits with OR expansion capability and 
as common enable pin are contained on the module. 

K138 Inverters 

The K138 contains eight inverter circuits that can be used to invert other K 
Series outputs to obtain both High (-f5V} and Low (OV) levels. 

K161 BInary-to Octal Decoder 

Three-bit binary numbers at the input to this module will be decoded into 
eight one*at-a-time outputs. 

K174 Digital Comparator 

This module determines which of two 4-bit binary or one digit BCD quantities 
is larger or smaller. 

K201 Flip-Flop 

This superslow memory simplifies sequencing of machine motions, and finds 
other applications where the ultimate in noise isolation is needed and speed 
is no problem. Its 1 KHz maximum repetition rate makes this flip-flop notice- 
ably more resistant to extremely noisy surroundings than faster types. 

K202 Flip-Flop 

This module performs shifting, complementing, counting, and other functions 
that are beyond the capabilities of simple set-reset flip-fldtps built up from 
logic gates. 

K206 Flip-Flop Register ' 

The 4-bit, set-reset flip-flop register can be used to buffer input signals, to 
store one BCD digit, or as a simple 4-bit memory. 

K207 Fiip-FJops 

The K207 is a 4-bit, set-reset flip-flop buffer which can be used to manipulate 
or store data. 
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i^lO Counter 

Ine K210 is a binary or BCD counter that can be wired to return to zero 
after any number of input cycles from 2 to 6. 

K211 Programmable Divider 

The K211 is a binary counter that can be wired to produce a high to low 
output transition after any number of input cycles from 2 to 16^ Count-up 
occurs on the high to low transition of the count gate output. 

K220 Four-Bit BCD/Binafy Up/Down Counter 

The K220 Counter module provides alt the circuitry necessary for binary 
and binary coded decimal up counting, down counting, presetting and clear- 
ing. This module is useful in many digital position readout and feedback 
applications., 

K230 Shift Register 

The K230 consists of a 4-bit shift register With a serial data input. Data at 
the input is shifted left with each high-to-low transition at the shift input 
gate. 

K265 Reed Relay Drivers 

The K265 has drive circuits for customer mounted relays. Up to five relays 
with Form A contacts can be mounted on the single height card. A logic 1 
at each input energizes the relay to provide isolated contact outputs for spe- 
cial interfacing applications. 

K281 Fixed Memory 

This module is a diode board containing eight 4-bit words which can be 
used to construct read-only memories. Codes are stored by cutting out diodes 
where zeros are desired. 

K282 Diode Memory 

The K282 is a diode matrix module which initially contains eight 16-bit words. 
K302 Dual Timers 

The K302 module contains two i^ndependent timer circuits. Each circuit pro- 
vides three delay ranges: Range one: 0.01 to 0.3 seconds; Range two: 0.1 to 
3.0 seconds; Range three: 1.0 to 30 seconds. 

K303 On/Off Delays 

The K303 can be used for either an ON or OFF delay with a range of 10 
fis to 30 seconds or can be interconnected to form a clock with a period 
covering the same range. 

K323 One-Shots 

This module contains three one-shots that provide output pulse widths from 
10 /iS to 30 seconds with either fixed or adjustable delays. 

K371, K373, K374, K37S, K376, K378 Timer Controls 

Calibrated controls for timers, one-shots, and clocks are available in several 
ranges: 

K371 Clock Control, 200 Hz to 6 KHz 

K373 Clock Control, 20 Hz to 600 Hz 

K374 Calibrated Timer Control, 0.01 sec. to 0.3 sec, 

K375 Clock Control, 2 Hz to 60 Hz ' 

K376 Calibrated Timer Control, 0.1 sec. to 3 sec. 

K378 Calibrated Timer Control, 1 sec. to 30 sec. 

Ail of the above controls mount on the K303 and K323 modules. 
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K501 Schmitt Trigger 

The K501 can be used with the K580 or K581 to provide simultaneous true 
and complementary signals with full K series drive. Built in hysteresis ^nd 
slowed outputs insure reliable operation in noisy signal environments. 

K990 Timer Component Board 

The K990 tera predrilled etched modulejor mounting up to six RC networks 
for K303 or K323 timer controls. 

K579 isolated AC Input Connecters ^ 

The K579 is used to convert 120 VAC inputs to 0 and + 5 Vdc logic levels. 
The module has eight transformer-isolated Schmitt trigger circuits that pro- 
vide contact bounce rejection and cause a + 5V output when 120 VAC is 
applied to the corresponding input. Each input has an LED indicator to in- 
dicate when voltage is present. 

K-to-M, M-to-K Converters 

Module M 521 converts from K-series signal levels to M-series, and Module 
M 671 converts from M to K. Both are described elsewhere in this Handbook. 



( 
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CABINETS AND PARTS 
SYSTEM ENCLOSURES, MOUNTING HARDWARE, ^^^1 
CONNECTORS, POWER SUPPLIES. OTHER DESIGN AIDS 
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CABINETS AND PARTS 



This section is organized into several subgroups as follows: 

1. Cabinets and Cabinet Accessories 

2. Module System Enclosures 

3. Power Supplies 

4. 19-Inch Mounting Panels 

5. Four-Slot System Units 

6. Nine-Slot System Units 

7. Module Connector Blocks 

8. Blank Module Boards 

9. Collage Module Boards 

10. Module Extender Boards 

11. Wire Wrappabie Module Boards 

<12. Wire Wrapping Tools and Accessories 

13. Integrated Circuit Sockets 

14. Module Handles, Handle Extenders, and Module Holders 

15. Bus Strips, Patch Cords and Accessories 



CATALOG SALES 

Now, many of the items described in this section are available 
at substantial savings through the DIGITAL Direct Sales Catalog. 
Send for your own free copy of the Catalog by filling out the post 
card included in this Handbook. 
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H960 SERIES EQUIPMENT CABINETS 

This section describes DIGITAL'S "standard" and "short" size basic equip- 
ment cabinets. Two additions to the cabinet line, the I-I984-B and 
H9800-A, are described following this section. The standard and short models 
accept panels or equipment designed to mount in standard 19-inch (48.26 
cm) electronics cabinets or racks. Basic color of these cabinets is black. Gray 
is used for end panels and the border of the cover panels. 

The cabinets can be placed individually or attached to form a multibay con- 
figuration. The accessories and hardware available include front and rear 
doors, panel mounting door frames and door skins, end panels, bezel and 
logo panels, blower fans, and power controllers. 

Standard Size Cabinets and Accessories 

Five basic cabinet configurations (H960-BC, H960-BO, H960-CA, H961-A, 
H961-AA) are available in the standard size cabinet series. The H961-A, -AA 
are intended primarily for add-on configurations. The standard size cabinet is 
71.5 in. (181.61 cm) high and provides 63.0 in. (160.0 cm) of vertical mount- 
ing space at the front; an additional 63.0 in. of mounting space is available 
at the rear of the cabinet. These cabinets are configured to meet the require- 
ments of most customer applications. 

All standard size cabinets are configured around the basic H950-AA Cabinet 
Frame. These cabinet frames are drilled with 0.25-in. (0.64-cm) diameter 
holes at standard EIA spacings to accommodate equipment, panels, or de- 
vices which are designed to mount in standard 19-in. (48.26-cm) electronics 
cabinets or racks. Some of the cabinets contain an 861-A, 861-B, or 861 -C 
Power Controller for distribution and control of the main power to the equip- 
ment installed. Six of the cabinet configurations include a rear mounting 
panel door frame, which is also drilled with 0.25-in. (0.64-cm) diameter holes 
at standard EIA spacings; this mounting panel door frame allows the equip- 
ment and devices mounted on.it to be swung out for maintenance or adjust- 
ment. Optional accessories as specified by the customer can be added to 
any of the available configurations. The parts and accessories included with 
each of the four standard size cabinet configurations are listed in Table 1, 
which also lists the optional accessories that are available for use with these 
cabinets. All cabinets are completely assembled before shipment. 

Figure 1 illustrates a typically configured standard size cabinet front. Figure 
2 illustrates the Installation of typical accessories on a standard size cabinet 
frame, and Table 2 identifies and describes these accessories. Complete 
descriptions of the H950-AA Cabinet Frame and the accessories for standard 
size cabinet frames are contained in the HARDWARE/ACCESSORIES CATA- 
LOG published by Digital Equipment Corporation. 
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Table 1 
Standard Cabinets 



SOBDj 


60-BC 


60-CA 


61-A 


61-AA 


H960-BC. H960-BD. H960-CA, H961-A. H961-AA 


Jm. 




at 


OS 


a\ 

X 


















Description 


1 


1 


1 


1 


1 


H950-AA 


Cabinet Frame. 19 in. wide, 69 in. high, 














in. deep 


1 




1 






H950-BA 


Full Door (RH) (front or rear mounting) 












H950-CA 


Full Door (LH) (front or rear mounting) 


1 


1 


1 




1 . 


H950-DA 


Mounting Panel Door Frame (RH) (rear mount- 














ing) 








1 




H950-EA 


Mounting Panel Door Frame (LH) (rear mount- 














ing) 


1 


1 




1 


1 


H 950- FA 


Mounting Panel Door Skin 












H950-HA 


Short Door (covers 21 in. mounting space) 












H950-HC 


Short Door (covers 26V^ in. mounting space) 












H950-HD 


Short Door (covers 31 in. mounting space) 












H950-HF 


Short Door (covers 42 in. mounting space) 












H950-HG 


Short Door (covers 471^4 in. mounting space) 












H950-HH 


Short Door (covers 52 in. mounting space) 












H950-HK 


Short Door (covers 63 in. mounting space) 












H 950- J A 


Short Door (covers 21 in. mounting space) 














(used with H952'BA installed) 












H950-LA 


Logo Frame Panel (aluminum) 


1 


1 


1 


1 


1 


H950-LB 


Logo Frame Panel (plastic) 












H950-PA 


5Vi in. Bezel Cover Panel 


5 


5 


5 


6 




H950-QA 


IQV2 in- Bezel Cover Panel 


1 


1 


1 


1 


1 


H950-SA 


Filter (for H952-BA or H952-PA) 


2 


2 


2 






H952-AA 


End Panel (require 2 per cabinet) 


1 


1 


1 






H952-BA 


Stabilizer Feet (pair) 


1 


1 


1 


1 


1 


H952-CA 


Fan Assembly (top mounted) (115 Vac) 












H952-CB 


Fan Assembly (top mounted) (230 Vac) 








1 


1 


H952-GA 


Filter Strip Set (front and rear) Coining two 














cabinets) 












H950-G 


Cabinet Table 












H952-HA 


Free-standing Table 


1 


1 


1 






74-06782 


Kickplate (use with H952-BA) « 








1 


1 


74-06793 


Kickplate 












12-09154 


Drawer Mounting Slides 












12-09703 


Drawer Mounting Slides (tilt) 












861-A 


Power Controller (90 — 130 Vac, two phase) 


1 










861-B 


Power Controller (180 — ^270 Vac, single phase) 




1 


1 




1 


861-C 


Power Controller (90 — 135 Vac, single phase) 












861-0 


Power Controller (90 — 130 Vac, three phase) 












861-E 


Power Controller (180—270 Vac, three phase) 



X 
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Table 2 

Standard Cabinet Frame H950-AA and Accessories 



Figure 
o 






itenfi 


Da r4 Nn 

rare no> 


Description 


1 


H950-DA 


Mounting Panel Door Frame (right hanging) 


1 


H950-EA 


Mounting Panel Door Frame (left hanging) 


2 


H950-BA 


Door, Front or Rear Mounting (right hanging) 


2 


H950-CA 


Door. Front or Rear Mounting (left hanging) 


3 


H950-SA 


Air Filter 


4 


74-06706 


Fan, Cover Plate 


5 


H952-CA 


Fan Assembly (115 Vac) 


5 


H952-CB 


Fan Assembly (230 Vac) 


6 


H952-AA 


End Panel (left or right side) 


7 


H952GA 


Filler Strip Set (front or rear) 


8 


H950-LB 


Frame Panel (plastic) 


8 


H950-LA 


Frame Panel (aluminum) 


9 


H950-PA 


Bezel Cover Panel, 5.25 in. (13.34 cm) 


10 


H950-QA 


Bezel Cover Panel, 10.50 in. (26.67 cm) 


11 


H95'0-G 


Tabletop Assembly 


12 


H950-HA 


Short Door, covers 21.00 in. (53.34 cm) mounting space 


12 


H950-HC 


Short Door, covers 26.25 in. (66.68 cm) mounting space 


12 


H950-HD 


Short Door, covers 31.50 in. (80.01 cm) mounting space 


12 


H950-HF 


Short Door, covers 42.00 In. (106.68 cm) mounting space 


^ 12 


H950-HG 


Short Door, covers 47.25 in. (102.02 cm) mounting space 


12 


H950-HH 


Short Door, covers 52.50 in. (133.35 cm) mounting space 


12 


H950-HK 


Short Door, covers 63.00 in. (160.02 cm) mounting space 


13 


H952-FA 


Leveler Set (4) 


14 


74-06782 


Kickplate (used with H952-BA stabilizer feet) 


14 -. 


74-06793 


Kickplate 


15 


H952-BA 


Stabilizer Feet (pair) 


16 


H952-EA 


Caster Set (4) 


17 


74-11606 


Bottom Screen 


18 


H950-AA 


Frame, 19.00 in. (48.26 cm) wide, 69.00 in. (175.26 cm) 






high, 25.00 in. (63.50 cm) deep 



401 



H»8Q-LA 
L060 FRAME PANEL 



H990-0A 
COVER PANEL 



10.5 
(26.67) 



H950-PA 
COVER PANEL 



S.25 
( IS.34) 

—I 

S.25 
(IS.S4) 



63.0 
(160.02) 
TOTAL 
MOUNTING 
SPACE 



H9S0-0A 

COVe« PANEL 



H950-0A 

COVER PANEL 



to. 9 
(26.67) 



(10.5) 
(26.67) 



H9S0-HA 
SHORT DOOR 



ZI.O 
(93.34) 



Cmtimattr* III puranllMtm 



Figure 1. Typical Standard Cabinet Front Cover Panel 
and Short Door Configuration 
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Figpre 2. H950-AA Standard Cabinet Frame 
and Accessories 
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How to Order a Standard Size Cabinet Assembly 

Determine if one of tfie five basic cabinet assembly configurations (H960-BC, 
H960-BD. H960-0A. H961-A, H961-AA, will fulfill your requirements by refer- 
ring to Table 1 and comparing th^ items that comprise each configuration. 

If one of these basic configurations will satisfy your requirements, you can 
order the completely assembled cabinet by specifying that cabinet assembly 
number; e.g., H960-BC, H960-BD, H960-CA, H961-A, H961-AA. In addition to 
the accessories included in the eight configurations, optional accessories are 
available, e.g., short doors, a cabinet table, and drawer mounting slides. 

If one of the basic configurations will not fulfill your requirements, you can 

"build up" and order a cabinet that will suit your specific requirements by 

ordering an H950 AA standard size frame and the accessories (by specific 

part numbers) that you require. The frame and the accessories that you select 

will be shipped completely assembled. 

• 

Short Size Cabinet and Accessories 

The short size cabinet (H967-BA or H967-BB) is 50.0 in. (127.0 cm) tall and 
provides 42.0 in. (106.7 cm) of vertical mounting space at the front; an addi- 
tional 42.0 in. (106.7 cm) of mounting space is available at the rear of the 
cabinet. 

Figure 3 illustrates a typically configured short size cabinet front. Figure 4 
illustrates the installation of typical accessories on a short size cabinet frame, 
and Table 4 identifies and describes these accessories. Complete descrip- 
tions qf the H957-AA Cabinet Frai;ne and the accessories for short size cabi- 
net frahies are contained In the HARDWARE/ACCESSORIES CATALOG pub- 
liished by Digital Equipment Corporation. 

This short size cabinet is configured around the basic H957-AA Cabinet 
Frame. These cabinet frames are drilled with 0.25-in. (0.64-cm) diameter 
holes at standard EIA spacings to accommodate equipment, panels, or de- 
vices that are designed to mount in standard 19-in. (48.26-cm) electronics 
cabinets or racks. Optional accessories as specified by the customer can be 
added; table 3 lists the parts and accessories included. Table 3 also lists the 
optional accessories that are available for use with these cabinets. All 
cabinets are completely assembled before shipment. 
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^ Table 3 

Z Short Cabinet, H967-BA and H967-BB 



H967-BB 


1 H967-BAi 


Catalog No. 


Description 




X 


H957-AA 


Cabinet Frame, 19 in. wide, 47-8/16 iir. high, 25 








in. deep • 




1 
1 


H957-BA 


Full Door (RH) (rear mounting) 






H957-CA 


Full Door (LH) (rear mounting) 


1 


1 
± 


H957-DA 


Mounting Panel Door Frame (RH) 






H952-HA 


Free-Standing Table 






H970-BA 


Free-Standing Table 






H970-CA 


Free-Standing Table 






H950-HA 


Short r^nnr ^rouprs P1 in mniintincr qoscp^ 

wllV/lt WWUI ^W/Vd9 X Ilia 1 1 l\JUI 1 III lU 9UCIwwy 






H950-HC 


Shnrt r^onr ff^nx/Pi-Q PftlX in mmmfinff cnsl#^p^ 
wiivii £-\j III* iiiuuiiLiii{j a|ja\«ci 






H950-HD 


Qhnrt fervor ff^nvprQ l/» in ■nnimt'incr cnaf^o^ 






H950-HF 

1 1 III 


Shnrt r^nnr fpnvprQ in mniintincf ghacpV 
wi i^^i L t^v/wi ^wi-'wd 3 "Tfc III. iiiuuiiLifi{^ 9|./a\«cy 








Chort Dnnr ^rouprc 71 in moiintino c^ilPP^ ^iicpH 

Ollwll VJ\J\J\ y^^WCIO III- lllwUllllll^ 3|»ll«C/ ^UOwU 








w/ith HQ^7-RA in^tallpH^ 

Willi n^w^ Dr^ IlidlCIIICvI^ 






UQf\f\ PA 


Da^vaI F^ewi^r Donal 1 / in 

DcZei v^over rdnei, o in. 








Dn7ol r^/\uAr OanAl IDl/ in 

Dczei vjrover ranei, iuy2 hi. 


X 


1 




oiaoiiizer reel ^pair^ 








OduincL lauie 


1 


1 




cnu I aiiei enu^ 


1 


1 


H957-FB 


Fnrf Pfinpl {\ pnrl^ 
t.iiu 1 ciiiei ciiu^ 






HQ57-GA 


Fillpr ^trir\ Qpt (\f\v\ fmnt sinH ta^t\ ^ininincr 4^a//\ 
riiici oiii|j ocL ^Lup, iiuiii, aiiu lecli^ ^juinin^^ IWO 








i^CILIIIiV^Oy 


1 


1 


H957-HA 


Ffln A^^pnnHlx/ ffrnnf* nr rp>ar nl/Mln4'in0^ 

■ ail r^osciiiwijf ^iiuin wi IwCli lilwUllllliKI 






H957-JA 


Bottom Cover Plate ' 


1 


1 


H957-LA 


Loco Framp Panel 

ks/{^w I laiiic [ a lid 


1 


1 


H957-SA 


Filter (for H957-HA) 


1 


1 


74-06782 


Kickplate (use with H952-BA) 






74-06793 


Kickplate . 






12-09154 


Drawer Mounting Slides 






12-09703 


Drawer Mounting Slides (tilt) 






861-A 


Power Controller (90 — 130 Vac, two phase) 


1 




861-B 


Power Controller (180 — 270 Vac, single phase) 




1 


861-0 


Power Controller (90 — 135 Vac, single phase) 






861D 


Power Controller (90 — 130 Vac, three phase) 






861-E 


Power Controller (180 — 270 Vac, three phase) 
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Table 4 

Short Size Cabinet Frame H957-AA and Accessories 



Rg.4 
Item 



Part No. 



Description 



I 
1 
2 
3 
3 
4 
5 
5 
6 
7 
8 
9 
10 
10 
10 
11 
12 
12 
13 
14 



H957-BA 

H957-CA 

H957-SA 

H957-DA 

H957-EA 

H957-HA 

H957-FA 

H957-FB 

H957-GA 

H957-LA 

H950-PA 

H950-QA 

H950-HA 

H950-HC 

H950-HD 

H952-BA 

74-06782 

74-06793 

H952-EA 

H957-AA 



Full Rear Door (right hanging) 
Full Rear Door (left hanging) 
Ajr Filter 

Mounting Panel Door Frame (right hanging) 

Mounting Panel Door Frame (left hanging) 

Fan Assembly 

End Panel (right hanging) 

End Panel (left hanging) 

Filler Strip Set (top, front, and rear) 

Logo Frame Panel (plastic) 

Bezel Cover Panel, 5.25 In. (13.34 cm) 

Bezel Cover Panel, 10.50 In. (26.67 cm) 

Short Door, covert 21.00 in. (53.34 cm) mounting space 

Short Door, covers 26.25 in. (66.68 cm) mounting space 

Short Door, covers 31.50 in. (80.01 cm) mounting space 

Stabilizer Feet (pair) 

Kickplate (used with H952-BA Stabilizer Feet) 

Kickplate 

Caster Set (4) 

Frame, 19.00 in. (48.26 cm) wide, 47.50 in. (120.65 cm) 
high, 25.00 in. (63.50 cm) deep 
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42.0 in 
(106 -70111) 

TOTAL 
MOUNTING 
AREA 



_.2t.69ill . 
'(S5.0»eni) 



lO-SIn 
(Z«-67cin) 



2fi.2Sln 
(66.67 cm) 



Figure 3. Typical Short Cabinet Front Cover Panel 
and Short Door Configuration 
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How to Order a Short Size Cabinet Assembly 

Determine if tlie basic cabinet assembly configuration (H967-BA or H967-BB) 
will fulfill your requirements by referring to Table 3 and comparing the items 
that comprise them. 

If the basic configuration will satisfy your requirements, you can order the 
completely assembled cabinet by specifying that cabinet assembly number 
(I-I967-BA or -BB). In addition to the accessories included, optional acces- 
sories are available, e.g., short doors, a cabinet table, drawer mounting slides, 
etc. 

If the basic configuration will not fulfill your requirements, you can "build 
up" and order a completely assembled cabinet that will suit your specific 
requirements by ordering an H957-AA short size frame and the accessories 
(by specific part numbers) that you require. The frame and the accessories 
I that you select will be shipped completely assembled. 

Cabinet Hardware 

Digital Equipment Corporation offers a variety of cabinet hardware which 
can be used on existing system cabinets or installed on the basic standard 
size or short size cabinet configurations. This hardware can also be purchased 
as replacement parts. • 

TINNERMAN CLIP NUT AND PHILLIPS PAN HEAD SCREW COLLECTION— 
90-07786 

This is a bagged collection of fifty 10-32 Tinnerman clip nuts, fifty 10-32 
X %-in. (1.5875-cm) Phillips pan head screws, and fifty size 10 lock washers. 

LATCH— 12-09224 

The 12-09224 Latch is> used to secure H950-PA or H950-QA Bezel Cover 
Panels to the front of either the standard size or short size^cabinet frame 
(H950-AA or H957-AA). 

THICK LATCH~12-11386 

The 12-11386 Thick Latch is used to secure H950-PA or H950-QA Bezel Cover 
Panels to the front of either the standard size or short size cabinet frame 
(H950-AA or'HS>57-AA). 

SPACER— 74-07789 

The 74-07789 Spacer is used to maintain alignment of H950-PA or H950-QA 
Bezel Cover Panels on the front of either the standard size or short size 
cabinet frame (H950-AA or H957-AA). 

KEY-LOCK STRIKE PLATE— 74-09819 

The 74-09819 Key-Lock Strike Plate is used on a short size H957-AA Cabinet 
Frame as a strike plate for the key lock on the H957-BA or H957-CA Full 
Door when an H957-DA or H957-EA Mounting Panel Door Frame is not in- 
stalled. The 74-09819 can be mounted on the jeft vertical cabinet frame rail 
to accommodate a right-hanging full door, or it can be mounted on the right 
vertical rail to accommodate a left-hanging full door. All the required mount- 
ing hardware is supplied with the 74-09819 Key-Lock Strike Plate. 
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CABINET DOOR GROUND STRAP— 90-06990 

The 90-06990 Cabinet Door Ground Strap is used to electrically connect the 
cabinet door to the cabinet frame to ensure that the cabinet door is not 
isolated from earth ground. The cabinet door should be connected to earth 
ground to prevent operating personnel from electrical shock if a short circuit 
should occur in the logic system. 

The 90-06990 Cabinet Door Ground Strap is a braided-copper bonding 
jumper; it is 4.875 in. (12.383 cm) long and has a terminal on each end. 
Each terminal is equipped with a hole sized to accept a No. 10 screw. 

One ground strap terminal should be secured to the cabinet frame, at the 
door hinge side, with a No. 10 screw and nut, and the other terminal should 
be secured to the cabinet door with a No. 10 screw and nut. 

CABINET FRAME GROUND STRAP— 90-08887 

The 90-08887 Cabinet Frame Ground Strap is used to electrically connect 
one cabinet frame to another cabinet frarfie to continue the common earth 
ground for the logic system cabinets. 

The 90-08887 Cabinet Frame Ground StKap is a braided-copper bonding 
jumper; it is 11.00 in. (27.94 cm) long and has a terminal on each end. 
Each terminal is equipped with a hole sized to fit over an 0.313-in. (0.794- 
cm) diameter stud. 

Each H950-AA and H957-AA Cabinet Frame is equipped with two threaded 
(5/16-18) copper studs, one on each side, inside the cabinet near the bot- 
tom panel. The ground strap should be installed on the threaded copper 
studs of two adjacent cabinet frames and a 5/16-18 nut should be used to 
secure each ground strap terminal. Each cabinet in a logic system should 
be connected to its adjacent cabinets to form a continuous path to an earth 
ground. 



GENERAL PURPOSE LOW PROFILE CABINET 

SPECIFICATIONS 

Dimensions 

Width: 23.50 inches (67.77 cm) 
Depth: 28.06 inches (71.27 cm) 
Height: 21.50 inches (54.73 cm) 
Color: 

Walnut grained top surface, beige side panels, chrome trim 

Mounting Space 

Width: 17.75 inches (45.08 cm) 
Depth: 24.28 inches (61.67 cm) 
Height: ^ 17.56 inches (44.60 cm) 

The H984-BA (115 VAC) and the H984-BB (230 VAC )are low profile cabinets 
equipped with a walnut grained, Formica covered top surface, and four ball 
type casters mounted on a supporting frame for ease of positioning on solid 
or carpeted surfaces. The cabinets are constructed of a beige steel enclosure 
and trimmed in flat black to make them compatible with the decor of the 
modern office or laboratory. 
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Each H984 provicjes mounting space for standard 19 inches (48.26 cm) 
panels or racks at both the front and rear of the unit. Two vertical angles at 
the front and rear opening of the enclosure contain pre-drilled holes at 
RETMA spacing. The angles can be laterally positioned within the cabinet to 
adjust for mounting units with varying depths. The right side of the steel en- 
closure contains ventilation ports to allow adequate cooling of the internal 
components. 

A service leg with caster is' located beneath the center of the unit and can 
be easily extended and retracted. The service leg provides stability to the 
cabinet when slide mounted chassis are withdrawn from the front of the cab- 
inet. When not in use, the leg retracts into the channel. 

A 115 VAC or 230 VAC power control panel is supplied with the cabinet and 
is mounted at the top of the rear opening of the cabinet. The panel can be 
easily repositioned to accommodate internal chassis when required. 

OPTIONAL EQUIPMENT 

Fan Panel Assembly — ^A fan panel assembly with two enclosed rotary fans is 
available as an option and provides additional cooling for the electrical com- 
ponents in the cabinet. The assembly is pre-wired with a cord and male con- 
nector which can be insierted into one of the outlets on the power connector 
panel. The fan assembly is available for 115 VAC or 230 VAC. The panel is 
supplied Wfth hardware for mounting. 

Blank Connector Panel — The blank connector panel is designed to com- 
pletely enclose the rear opening of the H984 when the blower fan assembly 
option is included. This provides a surface for mounting interface cable con- 
nectors or cable openings. The panel is supplied with hardware for mounting. 



Description 


Part No. 


Low Profile Cabinet (115 VAC) 


H984-BA 


Low Profile Cabinet (230 VAC) 


H984-BB 


Optional Hardware 


Blower Fan 115 VAC 


70-12438-0 


230 VAC 


70-12438-1 


Blank Connector Panel 


74-17440 


A flat black, plastic louvered cover panel 1.75 in. 


12-11474-0 


(4.45 cm) in height used to complete the cover- 




ing at the front of the H984. The panel slots allow 




increased air flow through cabinet. 




A light grey blank metal cover panel, 3.5 in. (8.90 


H950-NC 


cm) in height used to complete the covering at 




the front of the cabinet. The color is the same 




as PDP-11/03 front panel and H984 cabinet. 




A bracket set that attaches to the rear of the 


74-16975 


H909-C General Purpose logic enclosure and 




PDP-11/04,/34 enclosures when mounting in 




the H984'. 
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H984 




H9800-A GENERAL PURPOSE SYSTEMS DESK 

The H9800-A is a low-profile systems desk equipped with a walnut grained 
Formica top and color coordinated so as to fit into the modern office decor. 
The unit is equipped with six ball casters as standard equipment for easy 
positioning on carpeted surfaces. 

The H9800-A is constructed of quality materials including a top constructed 
of 55 lb. particle board with a dark walnut Formica laminate. The "module" 
itself is constructed of 11 and 18 gauge steel with a maximum loading capac- 
ity of 400 lbs. 

The H9800-A consists of a left-mounted tack enclosure offering 21" of usable 
height and 29" of usable depth in a standard 19" RETMA mount format. The 
right side offers knee space, a modesty panel, and a convenient work surface 
ideal for using terminals or typewriters. ^ 

SPECIFICATIONS 

Dimensions (Overall): 48" W x 27.6" H x 32" D 

Module Enclosure Standard 19" RETMA width 

Mounting Space: 21" Usable height 

29" Usable depth (adjustable) 
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MODULE SYSTEM ENCLOSURES AND 
EXPANSION MOUNTING BOXES 

Module system enclosures are 19-in. (48.26-cm) rack-mountable boxes that 
provide mounting space for system units, module connector blocks, and 
power supplies. They provide enough space to accommodate medium-sized 
systems, and offer the convenience of easy acEess to the system for main- 
tenance and testing. 

Expansion mounting boxes are designed to house equipment that connects 
to the PDP-11 family UNIBUS. The boxes fit standard 19-in racks, and are 
suitable for memory, peripheral controllers, and standard or custom options. 
The several versions available offer great flexibility in layout plus easy access 
for maintenance and testing. 

The following table summarizes the enclosures, expansion boxes, and asso- 
ciated hardware. Some of these are described in this section, and the rest 
are covered in the DIGITAL HARDWARE/ ACCESSORIES Catalog which Is 
available from Logic Products Sales Support, Accessories & Supplies Group, 
DIGITAL, Merrimack, NH 03054. 
Part Number Description 

H909-C General-purpose logic enclosure with PDP-ll/34-type 

front panel. Qdscrifaed in this section. 

H909-A General-purpose logic enclosure with blank plastic front 

panel. Described in this section. 

H909-BA Same as H909-A, but includes H755 power supply and 

BC05H power control. Described in this section. 

BAll-ES Expansion mounting Box for UNIBUS equipment and 

H720-E Power Supply. Described in this section. 

BAll-KE, -KF Expansion mounting box for UNIBUS equipment. Has 
H765 Power System. The -KE is for 115V, and the -KF is 
for 230V. Described in this section. 

K724 Interface shell for simple logic systems. Described in this 

section. 

H035 Vertical system mounting frame that accommodates up 

to six 4-slot or three 9-slot system units. Accepts ex- 
tended-length modules; mounts in 19-in. (48.26-cm) elec- 
tronics rack. Described in HARDWARE/ ACCESSORIES 
Catalog. 

12-09154 Chassis slides that provide a 22-in. (55.88-cm) extension 

for a chassis mounted in an electronics rack. Non-tilting. 
Described in HARDWARE/ACCESSORIES Catalog. 

12-09703 Chassis slides |hat provide a 22-in; (55.88-cm) extension 

for a chassis mounted in an electronics rack. Tilts 90 
degrees up or down. Described in HARDWARE/ACCES- 
SORIES Catalog. 

12-10945 Chassis slides that provide a 19-in. (48.26-cm) extension 

for a chassis mounted in an electronics rack. The left side 
of these slides is comprised of two members, one of which 
can be removed (with the chassis remaining in the rack) 
to gain access to modules mounted in an H909 enclosure. 
Non-tilting. Described in HARDWARE/ACCESSORIES Cat- 
alog. 
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H909-C General Purpose Logic Enclosure 




The H909-C is a general purpose logic box designed to accommodate any 
one of several different standard logic subsystems. In addition, with the use 
of compatible logic frames and connector blocks, it can house custom con- 
figured sub-assemblies. The box features a distinctive front panel that can 
be drilled for lights and switches as desired by the user. A fan is provided 
for cooling capability and ample room is reserved for power supply installa- 
tion. 

The box may be used either as a table-top enclosure or it can be rack 
mounted in any standard 19-inch cabinet. A card cage is included in the box 
to provide additional protection and support for the logic modules. 

The H909-C has the capability to mount either one or two of the various' 
standard four-by-six BBll or DDll type system units or one of the expanded 
nine-by-six slot system units. The frame castings associated with these sys- 
tem units, H033 and H034, respectively, can also be bolted in and used with 
the H8XX series of connector blocks for custom logic design requirements. 

The H909-C will accommodate various configurations of single, double, quad, 
and hex size modules up to a maximum of nine hex size cards used with the 
appropriate system unit. 

The following system units can be directly mounted in the H909-C without 
any additional hardware. 

DDVll-B Any DECkitll 

H933 Series H033 Frame Casting(s) 

BBll Sef^i^s H034 Frame Casting 
DDll Series 
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The following options are available for the H909-C: 



12-10331-0 5" Blower Fan for power bay 

H984-GA Bracket set to mount H909-C in H984 cabinet. Attach to 

rear. Can also be used to mount a PDP-11/04 or /34. 

SPECIFICATIONS 

Width: 19 inches 
Height: 5.25 inches 

Depth: 24% inches, 27^4 inches including bezel 
Weight: 31 lbs. 

Mounting space for power suppJies: 5 x 6.25 x 20 inches 




H909-C 



NOTE 

A detailed application note, "Assembling an LSI- 
11 Component System with a DDVll-B" de- 
scribes the H909-C in depth. Order from Logic 
Products Sales Support, Accessories & Supplies 
Group, DIGITAL, Mkl-2/E13, Merrimack. NH 
03054. 
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H909-A General Purpose Logic Box 

The H909-A General Purpose Logic Box is an enclosure designed to accom- 
modate custom logic subsystems and power supplies and offer the conveni- 
ence of easy access to the system for maintenance and testing. The box can 
be used either as a tabletop logic enclosure or, vvhen equipped with optional 
chassis slides, as a rack mountable unit in any standard 19-inch cabinet. 
Included with the basic chassis is a top cover, side cover, card guides, 
cooling fan, cable restraints, and a front bezel. 

Additional hardware is available to further increase the versatility of this 
box: chassis slides, power supply, and a choice of either a nine-slot system 
unit casting, a nine-slot system unit casting with connector blocks, or a 
nine-slot prewired unit with UNIBUS busing. These latter items utilize DEC 
connector blocks (e.g., H863) which, in turn, accommodate single-height 
through hex-height logic modules. However, the user can mount most any 
type of logic connector block that rneets the dimensions of the H909-A. 

Specificatibns 

Width: 19 in. (48.26 cm) 
Depth: 21 in. (53.34 cm) 
Height: 5.25 in. (13.33 cm) 
Color: Lamp black 

Mounting space available 
for power supply: 



Width — 6.25 in. (15.87 cm) 
Depth — 16 in. (40.64 cm) 
Height — 4.75 in. (12.06 cm) 

Optional Hardware DEC Part No. 

Chassis slides 12-10945 

Required brackets for chassis slides 74-09459 (left) 

74-09449 (right) 

Nine-slot casting H034 

Nine-slot casting with six H863 and H934-CB 
three H8030 Connector Blocks 

Nine-Slot unit with UNIBUS busing ^ BBll-B 

Power Supply, +5 V @ 7 A (mounts on H726-B 
H034 casting, not included) 



H909-BA General Purpose Logic Box 

The H909-BA General Purpose Logic Box is the same as the H909-A except 
that it is equipped with an H755 Power Suppy and BC05H Power Control. 
The H755 provides +15 Vdc @ 2 A, -15 Vdc @ 2 A, and +5 Vdc 
@ 13 A. The BC05H consists of a line cord and circuit breaker. 
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H909-A 




H909-A 
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K724 INTERFACE SHELL 



The K724 Interface Shell provides the connectors and the mechanical sup- 
port for self-contained Interface modules K650, K652, and K658. Up to two 
K650, K652, or K658 modules may be installed, with eight module sockets 
remaining for decoding or gating modules. The limit of two DC Driver mod- 
ules is due to the fact that they cannot be reversed in their connector 
sockets. 

Convenient wiring channels are obtained between units if they are mounted 
on 12" centers vertically and 6" centers horizontally. This way a total of up 
to 32 input converters and 16 output converters fit in one square foot of 
panel space, along with up to 16 logic modules. 

The K724 provides only logic power and ground connections between all but 
two sockets. It is primarily intended for very simple logic systems or for large 
systems where all input and output logic levels are connected to a separate 
logic unit by connector cables. 
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EXPANSION MOUNTING B0X->BA11-ES 

The BAll-ES Expansion Mounting Box is a steel enclosure that is designed 
to house up to six four-slot or three nine-slot system units and an H720-E 
Power Supply. The BAll-ES enclosure consists of a chassis with brackets for 
mounting the system units and power supply; four side-mounted fans for/ 
forced air cooling; a removable top cover; two 12-09703 Tilting Chassis Slides; 
and an H950-QA Cover Panel. Included with the mounting box is an 8.5-ft. 
external I/O UNIBUS flat cable (BC11A-8F) used with PDP-11 Systems. An 
Internal power cable is contained within the box; the power cable distributes 
dc power and power signals from the power supply to each of the BBll Sys- 
tem Units installed. An access hole at the rear of the box provides clearance 
for the receptacles and controls on the H720-E Power Supply. The BAll-ES 
is 16.75W by 23.25D by ICSCH, excluding the cover panel iind slides. 

The BAll-ES can be installed in any electronics cabinet or rack equipped with 
19" mounting rails (front and rear) drilled at standard EIA spacings. The 
BAll-ES attaches to the cabinet frame by the two tilt slides mounted on each 
side of the unit. The tilt slides enable the unit to be pulled from tKe cabinet 
and tilted to facilitate servicing the system units or power supply. 




BAll-ES 
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BAll-KE 
BAll-KF 



EXPANSION MOUNTING BOX — BAll-KE, BAll-KF 

The BAll-KE and -KF Expansion Mounting Boxes are steel enclosures designed 
to house up to five single system units or the equivalent in a mix of single 
and double system units. Up to 16 hex and 6 quad module circuit boards 
could be accommodated. The H765 power system is included, which supplies 
multiple voltages to the circuit boards and can deliver up to 660 watts dc. 
The BAll-KE is for 115V operation, while the -KF is for 230V. Otherwise, the 
two are Identical. 

The BAll-KE and -KF chassis are 17.12"W by 25"D by 10.44"H with slides 
and power system but without cover panel. They can be installed in any elec- 
tronics cabinet or rack equipped with 19" mounting rails (front and rear) 
drilled at standard EIA spacings. The units attach to the cabinet frame by 
the two tilt slides (included) which allow horizontal, 45°, and 90° positions 
(with front panel facing up). An H950-QA Cover Panel and UNIBUS cable are 
also included. The units are Underwriters Laboratories (UL) listed. 

The H765 Power System contains two fans which also cool the modules by 
drawing air from front to rear.'The entire Power System can be swung away 
from the main chassis for maintenance. Power outputs, through individual 
regulator modules are as follows: 

two H744 regulators +5V(®25A (each) 

one H745 regulator — 15V@10A 

one H745 regulator +20V@ 8A 

— 5V @ lA plus the current from 

the +20V output up to 

a total of 8A for both 
one 54-11086 regulator +15V@ 4A 
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POWER SUPPLftS, POWER CONTROLLERS, 
AND STEP-DOWN TRANSFORMERS 

The electrical and mechanical features of a complete line of power supplies, 
power controllers, a step-down transformer, and power supply accessories 
are summarized in the following tables and paragraphs. These items are 
described in detail in the HARDWARE/ACCESSORIES CATALOG published by 
Digital Equipment Corporation. The following three paragraphs and tables 
summarize the power supplies according to their usual use. The fourth 
paragraph and table summarizes the power controllers and a step-down 
transformer. Power supply accessories are summarized in the fifth paragraph 
and table. 

+5 Vdc POSITIVE LOGIC POWER SUPPLIES 

These +5 Vdc positive logic power supplies are designed to provide Vee 
(+5 Vdc) to the integrated circuits mounted on modules used in logic sys- 
tems and interfaces. Many small systems and most interfaces comprise 
M-series gating, multiplexing, bus receivers, and bus transmitter modules 
that require only, a Vee^power supply. The power supplies summarized in this 
table are ideal for these applications because of such features as overvoltage 
and short circuit protection, remote sensing, and input voltage ranges. 
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-f-5 Vdc Positive L^c Power Supplies 



Part No. 



input Specs 



Output Specs 



Dimensions 



Features 



H716 



H726-B 



120 Vac 
240 Vac 
(47-63 Hz) 



120/240 Vafc 
(47-500 Hz) 



+5 Vdc @ 4.0 A, 
3% regulation 
-15 Vdc @ 1.5 A, 
5% regulation 

+5 Vdc @ 7.0 A, 
1% regulation 



5.25 in. long x 4.125 in. 
high X 12.00 in. deep 
(13.34 X 10.48 X 30.48 cm) 

16.50 in. long X 2.23 in. 
high X 6.25 in. deep 
(41.91 X 5.66 X 15.88 cm) 



Floating output 
Short circuit proof 
Overvoltage protection for 
-f-5 Vdc output 

Floating output 
Short circuit proof 
Overvoltage protection 



SYSTEM POWER SUPPLIES 

System power supplies are designed to provide Vcc (-}-5Vdc) and reference 
voltages to an entire system or to a large inte/iace when spare power is not 
available from the system supply. The power supplies summarized in this 
table are ideal for these applications because of their high current output 
capabilities and voltage output ranges. 



System Power Supplier 



Input 

Part No. Specs Output Specs Features 



H720-E 
(BAll-ES 

Mounting Box) 



H720-F 
(Same as 
H720-E) 



120 Vac. 
47-63 Hz 



240 Vac 
47-63 Hz 



H740-D* 115 Vac/ 

19-in. (48.26 cm) 230 Vac, 
panel-mounted 47-63 Hz 



+5 V @ 22 A 
-15 V @ 10 A 
-f8V(avg) @ 1 
-22 V @ 1.5 A 



Same as H720-E 



+5 V @ 17 A 
-15 V @ 5 A 
+15 V @ 1.0 A 



Input frequency moni- 
tor 

5 A Ac and dc low power 
detection 
Overvoltage and over- 
current protection 

Same as H720-E 



Ac frequency monitor 
Ac and dc low voltage 



detection 



* requires a BC05H for 115 Vac; a BC05J for 230 Vac 



H755 POWER SUPPLY 

The H755 is a versatile system power supply that provides outputs of -|-5 Vdc 
@ 13 A and ±15 Vdc @ 2 A. In addition, the H755 generates an AC LO 
output when the line voltage drops below 10 percent of its specified value; 
a DC LO output when dc out is insufficient to supply the load; and an LTC 
Line Frequency Signal which is available for time measurement purposes. 

Included on the H755 are a fan and a thermostatic switch on the heat sink 
which provide overheat protection by opening the ac line at 220"? ±5°. 
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DEC 3790 



02 

DEC 3715 



H755 POWER SUPPLY 



SPECIFICATIONS 

+5Vdc: ^ 



4.75 to 5.25 Vdc at 0-13 A 



Overvoltage protection at 7 Vdc maximum (5.7 Vdc mini- 
mum) is a crowbar with a fuse. 

Current protection is a 15 A fuse and a 16 A foldback. 
Regulation — line regulation of 1% or 50 mV, load regula- 
tion of 2% from no load to full load; maximum ripple is 
50 mV P P. 



DC LO, AC LO: Rest state — 25 M (max) @ 3.5 V 
Asserted — .8 V (max) @ 50 mA 

Load Impedance — 390Q in parallel with .001 /if to +5 V 

Line Frequency This signal is a square wave with a period at line fre- 
Signai (LTC): quency, a pulse height of 3.5 V, and a base line at .4 V 
maximum at 16 mA sink current. 

Mechanical Dimensions 

Length: 163^ inches (42.54 cm) 

Width: 4% inches (12.26 cm) 

IHeight: . 5% inches (13.33 cm) 

Signal Sequence 



±15 Vdc: 



±1% minimum at 2 A. 
Current protection — 3 A fuse and foldbabk. 
Regulation — .03% and less than 5 mV P-P ripple. 
Voltage sensing — remote, two wire per output. 
Full load step change recovery: <50 fis. 



103-127 VAC 



PC3WER ON/OFF 



♦ 5V 



»SV OUTPUT 



/ 




♦3.SV 



DC LO L 



♦ 3.5V 



AC LO L 



5m» 

MIIM 



6 MS 
MIN. 
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Related Pnxlucts 

DEC Part No. Function ' 

BC05H-6 Provides 115 Vac input to an H755; six-foot power cord 

BC05J-6 Provides 230 Vac input to an 1-1755; six-foot power cord 

H909-A Logic enclosure; accommodates an H755 supply and 

other logic. 

12-09351-15 Cable Connector Housing (male); connects to DC out- 
put receptacle (J9) 

12-09378-01 Pins for connector housing 12-09351-15 
The above products are described elsewhere in this section. 




H755 
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POWER CONTROLLER AND STEP-DOWN TRANSFORMER 

A power controller and a power transformer are summarized in this table. 
The power controller is ideirffor distributing ac power within a system; the 
power transformer Is ideal for stepping down commercial power to '115 Vac 
for use within a system. 



Power Controllers and Step-Down Transformer 



Part 








no. 


Input Specs 


Output Specs 


Features 


861-A 


90-130 Vac, 2 phase, 


90-130 Vac at 12 A 


Local or remote con- 




16 A/pole 


(each ac outlet) 


trol 

Four switched, dual 




1^0-270 Vac, single 




receptacles 


861-B 


180-270 Vac at 12 A 


Two unswitched, dual 




phase, 16 A/ pole 


(each ac outlet) 


receptacles 


861-C 


90-130 Vac, single 


90-130 Vac at 12 A 


19-in. (48.26-cm) 




phase, 24 A/ pole 


(each ac outlet) 


mounting- rail 
mounted 


861-D 


90-130 Vac, three 
-'^ase, 24A 


90-130 Vac at 12 A 


19-in. mounting-rail 
mounted 


861-E 


180-270 Vac, three 
phase, 24A 


180-270 Vac at 12 A 


19-in. mounting-rail 
mounted 


K722 


115, 189, 200 217, 
230, 245 Vac 


115 Vac at 4.0 A 


19-in. (48.26-cm) 
panel-mounted 



Power Supply Accessories 



Part No. Use Specifications 



BC05H-6 Line set designed to connect 115 
Vac Input to Power Supply H740-D 

BC05J-6 Line set designed to connect 230 
Vac input to Power Supply H740-D 

H322 Distribution panel designed to pro- 
vide general-purpose signal, power, 
and ground distribution from one or 
more devices to one or more 
devices. 

V 



115 Vac 

6-ft. CI J8-m) power cord 
230 

6-ft. (1.8-m) power cord 

Fits 19-in. (48.26-cm) rack. 
Two 40- pin H854 and two 
9-pin 12-09350-09 connec- 
tors and nine 10-screw ter- 
minal strips.. 
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NINETEEN-INCH (48.26-cm) ELECTRONICS RACK 
MOUNTING PANELS 

Mounting panels are designed to provide mounting space for module con- 
nector blocks and are usually used to expand a logic system. They are de- 
signed to mount in standard 19-in. (48.26-cm) electronics racks or cabinets. 

One (H020) of these mounting panels is a bare frame for mounting module 
connector blocks, some (H911-J, H911-K, H911-R, H911-S, K943-R. and 
K943-S) are equipped with connector blocks and are prebused for power and 
ground, others (H916 and H917) are equipped with connector blocks and a 
power supply and are prebused for power and ground, and one (H914) is a 
frame that is equipped with connector blocks but is not bused or wired for 
power or ground. 

The following table summarizes the mounting panels; individual detailed de- 
scriptions of these mounting panels are contained in the HARDWARE/AC- 
CESSORIES CATALOG published by Digital Equipment Corporation. 
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19-ln. Raek Mounting Fan^ 

Part Number Description 

Blank mounting panel that accommodates eight connector 
blocks; mounts in a standard 19-in. (48.26-cm) electronics 
rack. 

H020 equipped with eight H803 connector blocks to ac- 
commodate 64 single-height or 32 double-height, standard- 
length modules; bused for power and ground. 

Same as H911-J except wired and bused for power and 
ground. 

Siame as H911-K except accommodates extended-length 
modules. ^ 

H020 equipped with eight H808 connector blocks to ac- 
commodate 32 single-height or 16 double-height, standard- 
length modules. 

H020 equipped with an H716 Power Supply and six H803 
connector blocks to accommodate 48 single-height or 24 
double-height, standard-length modules; bused for power 
and ground. 

H020 equipped with eight H800F connector blocks to ac- 
commodate 64 single-height or 32 double-height modules 
with contact fingers on only one side; bused for power and 
ground. Connector blocks ^quipped with solder-fork pins 
for 24 AWG wire. (Formerly designated K943-R.) 

K943-WP Same asK943-FP except equipped with eight H800W con- 
nector blocKs that have wire wrap pins for 24 AWG wire. 
(Formerly designated K943-S.) 




H020 

H911-J 

H911-K 
H911S 
H914 

H916 
K943-FP 
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Typical System Unit IVIounted On Casting Plate. 



H9271 FOUR-BY-FOUR SLOT SYSTEM UNIT 

The H9271 is a general purpose, four wide-by-quad height system unit 
mounted within an integral card cage assembly. Physically, the H9271 is 
identical to the H9270 LSI-11 backplane/card cage assembly with the excep- 
tion that the LSI-11 etched board bus structure and power connector are 
omitted. This leaves the H9271 free to be used as a general purpose system 
unit for non-standard LSI-11 configurations or for virtually any other applica- 
tion requiring a compact, easily mountable logic rack. The system unit is 
manufactured and machined in such a way as to facilitate mounting in any 
plane or axes. 

The H9271 consists of two H863 slotted connector blocks placed end to end 
for the mounting of four quad height, eight double height, or sixteen single 
height modules or any combination of the above totaling sixteen single slots. 
The blocks are mounted within a rectangular steel frame allowing easy access 
to the pin side of the blocks for wire wrapping, and the card cage surrounds 
the module insertion side of the logic rack. 
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H9271 



NINE-SLOT SYSTEM UNITS 

Nine-slot system units, tike four-slot system units, are designed to provide 
mounting sockets (slots) for logic system modules. They, too, are designed 
to mount in the various module system enclosures offered by Digital Equip- 
ment Corporation. Nine-slot system units accept up to six four-slot and 
three one-slot module connector blocks mounted in three groups (one four- 
slot, one one-slot, and one four-slot module) mounted end-to-end. Since 
each of the module connector blocks used with these system units has two 
rows of slots, a fully complemented nine-slot system unit provides mounting 
facilities for 54 single-height, 27 double-height, or nine quad-height and 16 
single- (or eight double-) height modules. 

The following table summarizes three nine-slot system units; individual de- 
scriptions of these system units are contained in the HARDWARE/ACCES- 
SORIES CATALOG published by Digital Equipment Corporation. Descriptions 
for the new LSI-11 compatible systen> unit and the DDll-D UNIBUS system 
unit follow this table. 
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Nine-Slot System Units 
Description 

H034 equipped with six H863 and tliree H8030 connector 
blocks to accommodate 54 single-height modules, 27 
double-height modules, or nine quad-height and eight 
double- (or 16 single-) height modules; prewired for UNI- 
BUS, power, and ground. Used for general UNIBUS inter- 
facing. 

Blank nine-slot system unit that can accommodate six 
H863 and three H8030 connector blocks; mounts in vari- 
ous module system enclosures. 

Same as BBll-B except not prewired for UNIBUS, ^ower, 
or ground. 



DDVll B NINE-BY SIX SLOT LSI-11 SYSTEM UNIT 




DDVU-B 



The DDVll-B is an expanded version of the standard LSI-11 backplane for 
use when either more dedicated LSI-11 compatible logic space or non-LSI-11 
compatible space for various other special purpose logic modules or both 
is required. A nine-by-four slot section (36 individual module slots) of this 
system unit is prebused specifically for LSI-11 bus signal, power and ground 
connections. The remaining nine-by-two slot section (18 slots) is provided 
with +5 Vdc and —12 Vdc power connections only; this leaves the remain- 
ing pins free for use with any special logic modules to be used in conjunc- 
tion with the LSI-11 family of modules arid bus requirements. 
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Part Number 
BBll-B 

H034 
H934-CB 



* . ' ■ ■ 

Physically, the DDVll-B consists of an H034 system unit mounting frame, 
six H863 and three H8030 connector blocks, and the etched board bus 
structure necessary for signal routing. The etched board completely overlays 
the entire pin side of all connector blocks and, is recessed sufficiently to 
allow wire wrapping on those same pins with 30 AWG wire. Detailed descrip- 
tions of the frame and connector blocks are found in their respective sec- 
tions of this Handbook and in the Hard ware /Accessories Catalog. 

An optional card cage, type H0341, is also available to provide protection 
against physical damage to modules and to serve as a logic card guide. This 
card cage completely surrounds the slot side of the system unit and is shown 
in the photograph. 

A. module slot assignment diagram is detailed In Figure 1 as viewed from 
the slot or module insertion side of the system unit. 




DDVll-B with H0341 Card Ass'y. 



Rows E and F contain the 18 user-defined slots with power and ground con- 
nections provided. 

Rows A, B, C, and D are dedicated to the LSI-11 bus. Any module meeting 
the LSI-11 bus specifications may be used in this portion of the DDVll-B. 
Slot number 1 in Rows A, B, C, and D is reserved for the LSI-11 processor 
module. The position numbers indicate the bus grant wiring scheme with 
respect to the processor module. The bus grant signals propagate through 
the slot locations in the position order shown in Figure 1 until they reach 
the requesting device. Any blank slots must be jumpered to provide bus 
grant signal continuity or it is recommended that unused locations occur 
only in the highest position numbered locations. 

Bus Terminator — An additional 120 ohms of termination is required after 
six unit loads on each bus line as shown. 
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The TEVll module provides the necessary 120 ohm bus terminators and 
should be installed into the next unused slot after the last module or into 
slot 9, row card C and D to maintain proper bus termination. 

The backplane pin assignments of the DDVll-B are listed on Table 1. 

If a system enclosure is required for the DDVll-D^ an H909-C enclosure is 
available, and was specifically designed for mounting the DDVll-B. The sys- 
tem unit has topped mounting holes to facilitate installation in the H909-C 
enclosure. The H909-C is described in this handbook and has space allocated 
for the installation of a power source. 
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Table 1. DDVll-B Backplane Pin Assignments 
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MODULE CONNECTOR BLOCKS 

Digital Equipment Corporation offers a variety of module connector blocks 
to suit the requirements of almost any logic system. Most M-series systems 
use H803, 30 AWG, wire wrap blocks for modules with contact fingers on 
both sides. However, a system requiring 24 AWG Interconnections, or using 
a large number of type 913 Patch Cords, might use H808 Connector Blocks 
because of the wider spacing of the connector pins. A system using K-series 
and certain A-series modules (i.e., contact fingers on only one side) can 
use H800 Connector Blocks. Connector blocks with slotted ends should 
generally be used in systems where the modules are quad height or larger. 
The following table summarizes the module connector blocks; individual de- 
tailed descriptions of these module connector blocks are contained in the 
HARDWARE/ACCESSORIES CATALOG published by Digital Equipment Cor- 
poration. 
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Module Connector Block Summary 



Block 
Part No. 


No. of 
Slots 


Contacts 
Per Slot 


No. of 
Contact 
Sides 


Wire Wrap 
Pin Size . 


Bus 
Strip 
No. 


Module 
Type 


End 


H800-W 


8 


18 


1 


24 AWG 


932 


All single- and 
double-height; 
single-sided 


Unslotted 


H802 


1 


18 


1 


24 AWG 


932 


> 

All single-height 
single-sided 


Unslotted 


H803 


8 


36 


2 


30 AWG 


933 . 


All single- and 
double-height 


Unslotted 


H8030 


2 


36 


2 


30 AWG 


933 


All single- and 
double-height 


Slotted 


H807 


1 


36 


2 


30 AWG 


933 


All single-height 


Unslotted 


H808 


4 


36 


2 


24 AWG 


939 


All single- and 
double-lieight 


Unslotted 


H863 


8 


36 


2 


30 AWG 


933 


All single- and 
double-height 


Slotted 



BLANK MODULE BOARDS 

Blank module boards provide a convenient method of breadboarding (mount- 
ing)' experimental or prototype circuits, and they provide a low-cost method 
q| producing limited runs of production modules with special circuitry. 
They are completely compatible with the standard module mounting blocks 
summarized elsewhere in this publication ^nd described /in detail In the 
HARDWARE/ ACCESSORIES CATALOG published by Digital Equipment Cor- 
poration. These glass epoxy, blank module boards have etched and gold- 
plated contact fingers and all have handles attached. The attached handles 
are stamped with their Digital Equipment Corporation identification number 
Opart number). The handles on copper-clad boards are attached with reusable 
nylon hardware. Blank handle 937, described elsewhere in this publication, 
is available; this blank handle can be user-titled and is, therefore, particularly 
useful for identifying user-etched, copper-clad module boards for limited 
production runs. 

Blank module boards are available in three basic forms: plain, perforated, 
and copper-clad. The following table lists and describes the blank module 
boards that are available. 

Plain blank module boai^ds provide complete flexibility in the placement of 
components since they are not perforated (predrilled), and they permit easy 
changes to the circuitry since etching is not required. Component connections 
are made via hook-up wire. Plain blank boards are, therefore, ideal for ex- 
perimental' or prototype modules because they permit easy changes to the 
circuitry and nearly unlimited component placement, and yet they provide 
stability and security for the circuits and components. All sizes are available, 
and all have etched and gold-plated contact fingers. 

Perforated blank module boards provide nearly the same advantage as plain 
blank module boards except they are predrilled with 0.052-in. (0.132-cm) 
diameter holes spaced 0.1 in. (0.254 cm) center-to-center horizontally and 
vertically. This eliminates the need for user drilling and only slightly reduces 
the choices of component placement. All sizes are available, and all have 
etched and gold-plated contact fingers. 

Copper-clad blank module board.s provide a method of producing limited runs 
of modules with special circuitry and components. A complete selection of 
copper-clad blank module boards is available: some may be user-etched on 
both sides and others may be user-etched on one side. All sizes are available, 
and all have etched and gold-plated contact fingers. 

These blank module boards are described in the following table; each of 
these blank module boards is described in detail in the HARDWARE/ACCES- 
SORIES CATALOG. 
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Blank Module Boards 



Part No. Type 



Contact 
Fingers Size 



Description 



W93p 



Plain 



W970 Plain 



W972 Copper- 
clad 



W9720 Copper- 
clad- 



36 



36 



W971 Plain - 72 



36 



36 



W9721 Copper- 72 
clad 



W9722 Copper- 144 
clad 



W973 Copper- 72 
clad 



W974 Perforated 36 



W975 Perforated 72 



Single- 
height, 
extended 
length 

Single- 
height, 
standard 
length 

Double- 
height, 
standard 
length 

Single- 
height, 
standard 
length 

Single- 
height, 
extended 
rength 

Double- 
height, 
extended 
fength 

Quad- 
height, 
extended 
length 

Doable- 
height, 
standard 
length 

Single- 
height, 
standard 
length 

Double- 
height, 
standard 
length 



Bare board with 36 feed- 
through eyelets. 
Printed circuit etching from 
the eyelets to the' contact fin- 
gers. 

Bare board with 36 plated- 
through holes in the printed 
circuit etching to the contact 
fingers. 

Same as W970 except double- 
height and has 72 plated- 
through holes and two han- 
dles. 

Coppef-clad on both sides. 



Same as W972 except ex- 
tended length. 



Same as W9720 except dou- 
ble-height and has two at- 
tached handles. 



Same as W9720 except quad- 
height and has four attached 
handles. 



Same as W972 except double- 
height. 



Perforated board with 36 
plated-through holes in the 
printed circuit etching to the 
contact fingers. 

Same as W974 except double- 
height and has 72 plated- 
through holes and two han- 
dles. 
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Blank Module Boards (Cont) 



1 

Part No. 


Type 


Contact 
Fingers 


Size 


Description 


W990 


Plain 


18 


Single- 

standard 
leng^ 


Bare board with 18 split-lug 

Icii lltllala. r rilHt?U wliWUli Cil^ll 

ing from the split-lugs to the 
contact fingers. This board 
has contact fingers on one 
side only. 


W991 


Plain 


36 


DouWe- 
height, 
standard 
length 


Same as W990 except double- 
height and has 36 split-lug 
terminals and two handled. 


W992 


Copper- 
clad 


18 


Single-*- 
height, 
standard 
length 


Same as W972 except copper- 
clad on one side only and has 
contact fingers on one side 
only. 


W993 


Copper- 
clad 


36 


Double- 
height, 
standard 
length 


Same as W973 except copper- 
clad on one side only and has 
contact fingers on one side 
only. 


W998 


Perforated 


18 


Single- 
height, 
standard 
length 


Same as W974 except has 18 
plated-th rough holes and has 
contact fingers on one side 
only. 


W999 


Perforated 


36 


Double- 
height, 
standard 
length 


Same as W975 except has 36 
plated-th rough holes and has 
contact fingers on one side 
only. 



COLLAGE MODULE BOARDS 

Collage module boards provide a convenient, low-cost method of producing 
prototype or limited runs of production modules with special circuitry that 
uses 14- or 16-pin dual-in-line package (DIP) integrated circuits (ICs), with 
or without wire wrap sockets and/or solder sockets. Collage module boards 
are completely compatible with the standard module mounting blocks sum- 
marized elsewhere in this publication and described in detail in the HARD- 
WARE/ACCESSORIES CATALOG published by Digital Equipment Corporation. 
These glass epoxy modules have +5 Vdc power and ground bused (printed 
circuit etch tracks) to plated-th rough holes at each IC location to facilitate 
connection of Vcc and ground to the appropriate IC pin. 

These collage module boards are described in the following table; each of 
these collage module boards is described in detail in the HARDWARE/ ACCES- 
SORIES CATALOG. 
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Collage Module Boards 



Dart Mn 


Contact 




description 


W968 


144 


Quad-height, 
extended length 


Accommodates up to seventy-two 14- 
or 16-pin DIP ICs with or without wire 
wrap sockets andA>r solder sockets. 




72 


Doiihle-heipht 
extended length 


Same a< WQ68 exrent accnimnnriatp^ 

gallic GI3 T* wAWw|JL aWwwl 1 II 1 IWUCI^C^ 

36 ICs. 


W979 


72 


Double-height, 
standard length 


Same as W968 except accommodates 
18 ICS. 



MODULE EXTENDER BOARDS ^ 

Module extender boards are usually used to extend system modules for test 
and/or maintenance. IVIodule extender boards permit access to the system 
module circuits and components without breaking the electrical connections 
between the system module and the backplane or mounting panel wiring. 
Extended length module extender boards should be used when the system 
comprises extended length system modules. Double-tieight and quad-height 
module extender boards should be used when the system module to be ex- 
tended is double or quad" high; however, two single-height module extender 
boards could be used to extend a double-height system module, or two 
double-height (or four single-height) module extender boards could be used 
to extend a quad-height system module. The following table describes the 
module extender boards. The board contact fingers connect directly to the 
connector socket pins on a 1:1 basis except as noted in the "Description" 
column of the table. 
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Module Extender Boards 



Part No. 



Contact 
Fingers 



Size 



Description 



W900 72 Double- Used ip systems comprising extended length 

height, modules to extend a double-height, 72-pin 
extended module with +5 Vdc power at contact fin- 
iength gers AA2 and BA2 and with ground at con- 
tact fingers AC2, BC2, ATI, and BTl, i.e., 
most double-height M:series modules. This 
is a multilayer module: layer 2 is the ground 
plane and layer 3 is the +5 Vdc power 
plane. 

W98b 18 Single- Used in systems comprising standard length 

height, modules to extend a single-height, 18-pln 
standard (one side only) module, i.e., most A-, K-, 
length and W-series modules. None of the contact 
fingers are interconnected. 

W982 36 Single- Used in systems comprising standard length 

height, modules to extend a single-height, 36-pin 
standard module, i.e., single-height M-series modules, 
length None of the contact fingers are intercon- 
nected. 

W983 72 Double- Used in systems comprising standard length 

height, modules to extend a double-height, 72-pin 
standard module, i.e., double-height M-series mod- 
length ules. None of the contact fingers are inter- 
connected. 

W984 72 Double- The same as W983 except the W984 Is an 
height, extended length module extender board and 
extended should be used to extend a system module 
length located beside one, or between two, ex- 
tended length modules. 

W987 144 Quad- The same as W984 except the W987 is a 

height, quad-height module extender board and 

extended should be used to extend quad-height (144- 

length pin) modules. 



WIRE WRAPPABLE MODULE BOARDS 

Wire wrappable modules provide a convenient, low-cost method of producing 
prototype or limited runs of production modules with special circuitry that 
utilizes, mainly, dual-in-line package (DIP) integrated circuits (ICs). They 
are completely compatible with the standard module mounting blocks sum- 
marized elsewhere in this production and described in detail in the HARD- 
WARE/ACCESSORIES CATALOG published by Digital Equipment Corporation. 
This section describes the new additions to the wire wrap line: the W9500 
series and the W9301 and W9302 modules. Further information regarding 
these new items can be obtained by contacting Logic Products Sales Support. 
Accessories & Supplies Group. DIGITAL. Merrimack, NH 03054. 



445 



In addition, a brief overview of DIGITAL'S tra- , 
ditional wire wrappable modules is provided. These earlier boards are de- 
scribed in detail in the Hardware /Accessories Catalog published by DIGITAL. 

W9500 SERIES 

WIRE WRAPPABLE MODULES 

DESCRIPTION 

The W9500 series of wire wrappable modules enable a user to easily configure 
special interface logic for the-LSI-11 computer systems and small peripheral 
controller (SPG) logic for the PDP-11 computer system. In addition, these 
modules are suitable for any system requirements and consists of double, 
quad, and hex height sizes. Each module is available with or without pre- 
mounted Duail-ln-Line packages (DIP) low profile socket. 
« 

The ten module types included in the W9500 series are listed with a descrip- 
tion and preassigned power and ground pin connections in Table 1. Refer to 
the General Information section of this handbook for detailed information 
relating to module size dimension and edge connector pin coding. 

The W9500 Series modules will accept a variety of 10 package types and dis- 
crete components. The printed circuit on each board connects the appropriate 
edge connector pins to the Vcc plane on side 1 of the board and the ground 
plane (GND) on side 2. The remaining edge connector pins terminate to a 
double row of wire wrap pins for user designated functions. Each of the 
modules also includes a 40 pin male cable connector to allow an interface 
cable to be attached to the module logic. The pins of the cable connector 
are also terminated to a double row of wire-wrap pins. The quad and hex 
height modules are provided with a space where a 40 pin cable connector 
(labelled J-2) can be inserted by the user. When a connector is not required, 
additional 10 packages can be installed. Each board contains insulated stand- 
offs to maintain the required clearance between adjacent modules and prevent 
shorting of wire wrap pins. 

The wire wrap pins and components are mounted on side 1 of each module. 
Rows of predrilled holes accept IC packages with pin spacings of 0.3 in. 
(0.76 cm) 0.4 in. (1.01 cm) and 0.6 in. (1.52 cm). Universal areas on the 
W9500 series mpdules are the areas which accept IC packages with standard 
pin spacings. These areas have four rows of predrilled holes spaced at 0.3, 
0.4, and 0.6 inches. The W950b hex height module also contains three areas 
which can accept IC packages with 0.3 and 0.4 inch spacing. 
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Table 1 W9500 Series Modules 



Module Type 


Description , 


Power & Ground 
Connections 


W9500 


Hex height, extended length, single 
width module with extractor bracket. 
No DIP sockets included. One 40 pin 
male cable connector mounted on 
board and space for additional 40 
pin connector provided. 


Vcc — AA2, BA2, CA2, 
DA2. EA2, FA2 

GND— ATI, BTl, CTl, 
DTI, ETl, FTl, AC2, 
BC2, CC2, DC2, EC2, 
FC2 


W9503 


Same as W9500 except with 84 pre- 
mounted .DIP sockets. 


Same as W9500 

\ 


W9501 


Quad height, extended length, single 
width module with flip chip handles. 
No DIP sockets included. One 40 pin 
male cable connector premounted 
on board and space for additional 40 
pin connector provided. 


Vcc— AA2, BA2, CA2, 
DA2 

GND— ATI, BTl, CTl, 
DTI, AC2, BC2, CC2, 
DC2 


W9504 


Same as W9501 except with 54 DIP 
sockets premounted. 


Same as W9501 


W9502 


Double height, extended length, 
single width module with flip chip 
handles. No DIP sockets included. 
Ond 40 pin male cable connector 
premounted on board. 


Vcc— AA2, BA2 

GND— ATI, BTl, AC2, 
BC2 

■ •■ .■ 


W9505 


Same as W9502 except with 24 pre- 
mounted DIP sockets. 


S4measW9502 


W9511 


Quad height, extended length, single 
width module with extractor handle. 
No DIP sockets included. One 40 pin 
male cable connector premounted 
on board and space for additional 40 
pin connector provided. 


Vcc— AA2, BA2, CA2, 
DA2 

GND — ATI, BTl, Cfl, 
DTI, AC2, BC2, CC2, 
DC2 


W9514 


Same as W9511 except with 58 pre- 
mounted DIP sockets. 


Same as W9511 


W9512 


Double height, extended length, 
single width module with flip chip 
handle. No DIP sockets included. 
One 40 pin male connector pre- 
mounted on board. 


Vcc— AA2, BA2 

GND— ATI. BTl, AC2, 
BC2 


W9515 


Same as W9512 except with 25 pre- 
mounted DIP sockets. 


Same as W9512 
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LSI-11 Compatible Modules 

The LSI-11 compfitibTe modules consist of quad height and double height 
modules. Two LSi-11 compatible modules are available without DIP sockets. 
The total IC compliment of 14 or 16 pin DIPS that can be installed are listed 
on Table 2. This table allows one pair of holes between each IC package for 
mounting additional decoupling capacitors. 



Table 2 LSI-11 Compatible Modules (no sockets) 



Module Type 


IC Capacity (Total) 


14 Pin 


16 Pin 


24 Pin 


40 Pin 


W9511 
W9512 


72 
32 


61 
27 


5 
5 


3 
3 



Two LSI-11 compatible modules are available with premounted 16 pin DIP 
sockets. One pair o| holes is provided between each DIP socket for mounting 
additional decoupling capacitors. The total number of sockets mounted on 
the board is listed on Table 3. 

Table 3 



Module Type 


16 Pinr DIP Sockets 


W9514 
, W9515 . 


58 
25 



SPC Compatible Modules 

The small peripheral controller (SPC) compatible modules consist of a hex 
height, quad height and double height boards. 

Three boards are available without DIP sockets. 

The total IC compliment of 14 or 16 pin DIP's is listed on table 4. This table 
allows one pair of holes for mounting additional decoupling capacitors be- 
tween each IC package. 



Table 4 SPC Compatible Modules '(no sockets) 



Module Type 


IC Capacity (Total) 


14 Pin 


16 Pin 


24 Pin 


40 Pin 


W9500 


128 


114 


10 


6 


W9501 ' 


72 


61 


5 


3 


W9502 


40 


38 


5 


3 



Three boards are available with premounted 16 pin DIP sockets. The total 
number of sockets mounted on the modules is listed on Table 5. 

One pair of holes is allowed betweeh each DIP socket and can be used to 
mount additional decoupling capacitors. 
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Table 5 SPC Compatible Modules (16 pfn sockets) 



Module Type 


16 Pin DIP Sockets 


W9503 


84 


W9504 


54 


W9505 


24 
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W9301 HI-DENSITY 

WIRE WRAPPABLE MODULE 




W9301 



DESCRIPTION 

The W9301 is a quad height, extended length, double wide, wire wrappable 
module suitable for user designed logic interface applications. The module 
accepts a variety of dual-in-line (DIP) integrated circuits (IC's) or discrete 
components which can be mounted to the module without the use of solder. 
The component or IC leads insert into specially designed socket terminals 
which have' a wire wrap pin on the opposite end. The electrical interconnec- 
tion of the wire wrap pins can be performed manually or by using automated 
wire wrapping techniques. 

The W9301 board has four rows of 36 gold-plated contacts (18 contacts on 
each side of each row). Each contact is connected to a wire wrap pin by the 
board etch. A ground plane is etched on side 1 of the module and power 
(Vcc) plane is etched on side 2. Contact pin A2 of each of the four rows di- 
rectly connects to the power plane, and contact pins C2 and Tl directly con- 
nect to the ground plane. 

A total of 68 decoupling capacitors are provided premounted between Vcc and 
GND at each main IC location. The module occupies 2 slots of a standard 
DIGITAL system unit. 
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A 40 pin connector is mounted at the edge of the module to facilitate the at- 
tachment of a device cable assembly. 

Wire Wrap Terminals 

All wire-wrap terminals on side 2 of the module are located on a grid of 0.1 
in. (0.254 cm) spacing to facilitate automatic point-to-point wire wrapping 
equipment. The connections to the pins are made using #30 gauge solid 
conductor insulated wire. 

Total IC Complement 

Up to 79 IC equivalents (14- or IS-pirr DIP) can be mounted on the module. 
Areas are provided on the board for mounting DIP'S with a center spacing of 
0.3 in. (0.78 cm) 0.4 in. (1.0 cm) or 0.6 in. (1.5 cm). Table 1 lists the ac- 
ceptable IC types and pin spacing. ^ 



Total Pins 



8 
14 
16 
18 
20 
22 
24 
28 
40 



Table 1 W9301 IC TYPES 

Center Spacing (in.) 



.0.3 

.0.4 
.0.6 



The W9301 module has three pin configuration areas assigned to 16-pin, 24 
and 40 pin IC's. The 16 'pin area consists of three rows of socket terminals 
and will accept a total of 47 IC's of the 8, 14, or 16 pin type and having a 
lead spacing of 0.3 in. The 24 pin area will accept a total of 10 IC's with up 
to 24 pins per IC, and having a lead spacing of 0.3, 0.4, or 0.6 in. The 40 pin 
area will accept a total of 11 IC's with up to 40 leads per IC and having a lead 
spacing of 0.6 in. or a total of 22 IC's with up to 16 leads per IC and having 
a lead spacing of 0.3 in. 
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W9302 HJ-DENSITY 

WIRE WRAPPABLE MODULE 




W9302 



DESCRIPTION 

The W9302 is a hex height, extended length, double wide, wire wrappable 
module suitable for user designed logic interface applications. The module 
accepts a variety of dual-in-line (DIP) integrated circuits (IC's) or discrete 
components which can be mounted to the module without the use of solder. 
The component or IC leads insert into specially designed socket terminals 
which have a wire wrap pin on the opposite end. The electrical interconnec- 
tion of the wire wrap pins can be performed manually or by using automated 
wire wrapping techniques. 

The W9302 board has six rows of 36 gold-plated contacts (18 contacts on 
each side of each row). Each, contact is connected to a wire wrap pin by the 
board etch. A ground plane is etched on side 1 of the module and power (Vcc) 
plane is etched on side 2. Contact pin A2 of each of the six rows directly con- 
nects to the power plane, and contact pins C2 and Tl directly connect to the 
ground plane. 

A total of 97 decoupling capacitors are provided premounted between Vcc 
and GND at each main IC location. The module occupies two slots in a stan- 
dard DIGITAL system unit. 



V 
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Two 40 pin connectors are mounted at the edge of the module to facilitate 
the attachment of device cable assemblies. 

Wire Wrap Terminals 

All wire wrap terminals on side 2 of the module are located on a grid of 0.1 in. 
(0.254 cm) spacing to facilitate automatic point-to-point wire wrapping equip- 
ment. The connections to the pins are made using #30 gauge solid con- 
ductor insulated wire. 

Total IC Complement 

Up to 114 IC equivalents (14- or 16-pin DIP'S) can be mounted on the module. 
Areas are provided on the board for mounting DIP'S with a center spacing of 
0.3 in. (0.78 cm) 0.4 in. (1.0 cm) or 0.6 in. (1.5 cm). Table 1 lists the ac- 
ceptable IC types and pin spacing. 



Total Pins 

8 
14 
16 
18 

20 J 
22 
24 
28 
40 



Table 1 W9302 IC TYPES 

Center Spacing (irt.) 



.0.3 



JD.4 



_0.6 



The W9302 module has three pin configuration areas assigned to 16-pin, 24- 
pin and 40-pin IC's. The 16 pin area consists of three rows of socket terminals 
and will accept a total of 65 IC's of the 8, 14, or 16 pin type and having a 
lead spacing of 0.3 in. The 24 pin area will accept a total of 15 IC's^with up 
to 24 pins per IC, and having a lead spacing of 0.3, 0.4, or 0.6 in. The 40 pin 
area will accept a total of 17 IC's with up to 40 leads per IC and having a lead 
spacing of 0.6 in. or a total of 34 IC's with up to 16 leads per IC and having 
a lead spacing of 0.3 in. v ' 
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Wire Wrappable Moduies 



Part No. 


Contact 
Fingers 


Size 


Description 


W940 


144 


Quad- 
height, 
extended 
length 


Accommodates up to fifty 14- or 16-pin 
DIP ICS with or without sockets. (Sockets 
not included.) 


W941 


72 


Double- 
height, 
extended 
length 


Same as W940 except accommodates up 
to twenty-five 14- or 16-pin DIP ICs with 
or without sockets. (Sockets not in- 
cluded.) 


W942 


144 


Quad- 
height, 
extended 
length 


Same as W940 except equipped with 50 
low-profile, t6-pin DIP IC sockets. 


W943 


72 


Double- 
height, 
extended 
length 


Same as W941 except equipped with 25 
low-profile, 16-pin DIP IC sockets. 


W950 

1 


144 


Quad- 
height, 
extended 
length 


Accommodates up to thirty 14- or 16-pin 
DIP ICs and up to eight 24-pin DIP ICs 
with or without sockets. (Sockets not 
included.) 


W951 


72 


Double- 
height, 
extended 
length 


Same as W950 €i{cept accommodates up 
to fifteen 14- or 16-pin DIP ICs and up to 
four 24-pin DIP ICs with or without sock- 
ets. (Sockets not included.) The four 
24-pin locations can also accommodate 
four 14- or 16-pin ICs instead^ of the 
24-pin ICs. 


W952 


144 


Quad- 
height, ' 
extended ^ 
length 


Same as W950 except equipped with 30 
low-profile, 16-pin DIP iC sockets and 
eight 24-pin DIP IC sockets. 


W953 


72 


Double- 
height, 
extended 
length 


Same as W951 except equipped with 15 
low-profile, 16-pin DIP IC sockets and 
four 24-pin DIP IC sockets. 



WIRE WRAPPING TOOLS AND ACCESSORIES 

Wire wrapping provides positive, uniform electrical connections faster and 
more economically than solder connections. Digital Equipment Corporation 
has a complete line of tools and accessories for wire wrapping all of the 
wire wrappable module connector blocks and all of the wire wrappable mod- 
ule boards summarized elsewhere in this publication and described in detail 
in the HARDWARE/ACCESSORIES CATALOG published by Digital Equipment 
Corporation. 
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Pistol-Grip Wire Wrapping Tool Kit— H810(24), H810-A, H810-B 

The H810(24) Pistol-Grip Wire Wrapping Tool Kit provides a pistol-grip 
mechanical wire wrapping tool , and a sleeve and bit of the proper size to 
wrap 24 AWG wire wrap wire. 

The H810-A is the same as the H810(24) except the sleeve and bit are the 
proper size for wrapping 30 AWG wire wrap wire. 

The H810-B is a combination of H810(24) and H810-A. H810-B provides a 
pistol-grip mechanical wire wrapping tool and the bits and sleeves of the ( 
proper sizes for wrapping 24 AWG or 30 AWG wire wrap wire. 

Battery-powered Wire Wrap Gun — H810-C, H810-D 

The H810-C, H810-D, and H810-E battery-powered wire wrap guns are 
equipped with rechargeable, nickel-cadmium batteries. They do not require 
ac connection while in use. Their ease of operation reduces user-fatigue and 
provides uniform wire wrap connections. 

The H810-C battery-powered wire wrap gun is supplied with a bit and sleeve 
for wrapping 24 AWG wire wrap wire. 

The H810-D is supplied with a bit and sleeve for wrapping 30 AWG wire 
wrap wire. 

H813 bits and H814 sleeves can be used with any of these battery-powered 
wire wrap guns. 

Hand Wire Wrapping Tool— H81 1(24), H811-A 

The H811(24) and H811-A hand wire wrapping tools are especially useful for 
service and repair applications. They can also be used for producing limited 
numbers of prototype modules. 

H811(24) is designed for 24 AWG wire wrap wire, and the H811-A is de- 
signed for 30 AWG wire wrap wire. 

Hand Wire Unwrapping Tool — H812(24), H812-A 

The H812(24) and H812-A hand unwrapping tools are ideal for unwrapping 
wire strapped terminals. 

The H812(24) is designed for unwrapping 24 AWG wire, and the H812-A is 
designed for unwrapping 30 AWG wire. 

Bit for Battery-powered Wire Wrap Gun— H813<24), H813-A 

The 1-1813(24) and H813-A bits are replacement bits for battery-powered 
wire^rap guns H810-C, H810 D. 

The H813(24) is designed for 24 AWG wire, and the H813-A is designed 
for 30 AWG wire. 

Sleeve for Battery-Powered Wire Wrap Gun — H814(24), H814-A 
The 1-1814(24) and H814-A sleeves are replacement sleeves for battery- 
powered wire wrap guns H8)J0-C, H810-D. 

The H814(24) is designed for 24 AWG wire ,and the H814-A is designed for 
30 AWG wire. 
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INTEGRATED CIRCUIT (IC) SOCKETS 

IC Sockets— 954, 961, 962 

These integrated circuit (IC) sockets provide low-cost, reliable production 
packaging of 14 or 16-pin, 24-pin, and 40-pin dual-in-line package (DIP) in- 
tegrated circuits (ICs). These low-profile IC sockets are especially useful for 
limited-production runs of special, user-designed circuitry using the blank or 
wire wrappable module boards (described in this section), which are avail- 
able without factory-installed IC sockets. 

The 954 accepts 14- or 16-pin. ICs; 10 sockets/ package. 

The 961 accepts 24-pin ICs; 5 sockets/package. 

The 962 accepts 40-pln ICs; 5 sockets/ package. 

MODULE HANDLES, MODULE HANDLE EXTENDERS, 
AND MODULE HOLDERS 

Module Handle— 937 

The 937 (90-08337-08) is a package containing 25 blank, gray module 
handles and tl\e eyelets to attach them to modules. These blank handles 
are generally user-attached to prototype or limited-production run modules 
that utilize blank copper-clad or wire wrappable modules. The blank handles 
provide a convenient method of identifying the prototype or limited-produc- 
tion run modules because the user can put his own identification on the 
handle. The handles are compatible with the handles of all Digital Equipment 
Corporation standard A-, K-, M-, and W-series modules. They have two 0.128- 
in. (0.325-cm) diameter mounting holes spaced 2.00 in. (5.08 cm) center- 
to-center. 

Module Handle Extender— H850 

The H850 Module Handle Extender mounts over the handle of a single- height, 
single-length module and physically extends the length to make a single- 
length module congruous with extended length modules. The H850, in addi- 
tion to making removal and insertion of single-length modules easier when 
the system predominantly utilizes extended length modules, adds to the ap- 
pearance of the system by making the modules the same length. 

The H850 is manufactured from durable, U.L. Standard No; 94 recognized 
material and is sized to fit over Digital Equipment Corporation's standard 
module t^ndle. It is sold in lots of ten. ... 

Module Holder Clips— H852. H853 

The H852 and H853 Module Holders are used to maintain rigidity of the 
modules in a system. Each module holder fits over the top (handle end) of 
modules of the same length in adjacent slots of a system unit. The H852, 
a ribbed type holder, fits between handles of modules in the same connector 
block; the H853, a nonribbed type holder, fits between the handles of mod- 
ules in adjacent (end-to-end) connector blocks. For example, on quad-high 
modules, an H852 fits between handles 1 and 2, an H853 fits between 
handles 2 and 3, and an H852 fits between handles 3 and 4. 

The H852 and H853 are manufactured from durable plastic material that Is 
nonconductive. They are sold in lots of 25 each. 
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Hold-Down Bracket 12-10711-02 

The 12-10711-02 module hold-down bracket serves as a mechanical com- 
bination handle and hold-down bracket for Hex-size modules when used with 
the appropriate cards guides such as an H0341. This bracket can also be 
used as a hold-down bracket for LSI-11 compatible modules (quad-size) but 
must be modified as shown in the accompanying drawing. Eyelets for attach- 
ment to the module are included. 



LSI-11 HOLDOWN 12-10711-02 

1. CUT BRACKET AT POINTS DESIGNATED ON DRAWING BELOW. 

2. DISCARD CENTER SECTION "B". 

3. MOUNT SECTIONS "A" AND "C" ON BOARD AS DESIRED. 




CUT AT THESE 
POINTS 



BUS STRIPS 

Bus Strips->932, 933, 939 

'Bus strips 932, 933, and 939 provide a convenient method of interconnect- 
ing all wire wrap pins in a system that are assigned identical control signals, 
power, or ground. These bus strips are flat, narrow conductors with holes 
that correspond to the connector block pin size and spacing. When a bus 
strip is placed over the pins and soldered to each, it will interconnect all of 
the pins with the same pin number for as many module slots as desired. 
After the modules have been selected and the slots of the mounting panel 
have been assigned to the modules, identical control signal, power, and 
ground pins can be bused with the bus strips. 

Bus strip 932 can be used to bus systems using H800 Module Connector 
Blocks. Bus strip 933 can be used to bus systems using H803, H8030, and 
H863 Module Connector Blocks. Bus strip 939 can be used to bus systems 
using H808 Module Connector Blocks. Module connector blocks are sum- 
marized elsewhere in this publication and are described in detail in the 
HARDWARE/ACCESSORIES CATALOG published by Digital Equipment Cor- 
poration. 

Length: 932 — 13.5 in. (39.4 cm) 
933 — 21.5 in. (54.6 cm) 
939 — 21.5 in. (54.6 cm) 
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PATCH CORDS AND ACCESSORIES 

Grip-Clip Connectors for Slip-on Patch Cords — H820, H821 

The H820 and H821 grip-clip connectors are identical to the connectors used 
on each end of 913 and 915 patch cords, respectively. These grip clips 
permit the fabrication of patch cords of any length. 

H820 grip-clip connectors accept 24 to 20 AWG wire; they slip on wire wrap 
terminals that are sized for 24 AWG wire wrap wire, 0.031 by 0.062 in. 
(0.079 by 0.158 cm). H821 grip-clip connectors accept 30 to 24 AWG wire; 
they slip on wire wrap terminals that are sized for 30 AWG wire wrap wire, 
0.025 in. (0.064 cm) square. 

H820 and H821 grip-clip connectors are shipped in quantities of 1000 of 
one size. 

Patch Cords— 913, 915 

The 913 and 915 patch cords provide slip-on connections at the wire wrap 
pins of FLIP-CHIP modules and module connector blocks. They are ideal for 
breadboarding prototype modules and making temporary or semipermanent 
jumpers at a system backplane. They are available in 11 color-coded lengths 
from 2 to 64 inches (5.04 to 162.56 cm). 

Patch cord 913 is 24 AWG stranded wire with IPVC insulation, and is equipped 
on each end with an H820 grip-clip connector; H820 connectors fit on wire 
wrap pins that are sized for 24 AWG wire wrap wire, 0.031 by 0.062 in. 
(0.079 by 0.158 cm). 

Patch cord 915 is 26 AWG stranded (7/34) with IPVC insulation, and is 
equipped on each end vyith an H821 grip-clip connector; H821 connectors fit 
on wire wrap pins that are sized for 30 AWG wire wrap wire, 0.025 in. (0.064 
cm) square. 

Patch cords 913 and 915 are available in quantities of 100 of the same 
length and same gauge, and in quantities of 100 of assorted lengths and 
the same gauge. The following chart lists the part number, length, and color 
code for 913 and 915 patch cords. 



Part Number 



24 AWG 



26 AWG 



Length in Inches 
(Centimeters) 



Color 



913-2 


915-2 


2 


(5:08) 


BRN 


913-3 


915-3 


3 


(7.62) 


BRN/WHT 


913-4 


915.4 


4 


(10.16) 


RED 


913-6 


915-6 


6 


(15.24) 


RED/WHT 


913-8 - 


915-8 


8 


(20.32) 


CRN 


913-12 


915-12 


12 


(30.48) 


s ORN/WHT 


913-16 


91516 


16 


(40.64) 


YEL ^ 


913-24 


915-24 


24 


(60.96) 


YEL/WHT 


913-32 


915-32 


32 


(81.28) 


GRN 


913-48 


915-48 


48 


(121.92) 


GRN/WHT 


913-64 


915-64 


64 


(162.56) 
orted* 


BLU 


913-AF 


915-AF 


Ass( 


Assorted 



* 913-AF and 915-AF comprise the following assorted patch cords: 30 BRN/ 
WHT (-3); 25 RED/WHT ( 6); 25 ORN (-8); 10 YEL/WHT (-24); 5 GRN 
(-32); and 5 BLU^(-64). 
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When ordering, please specify part number 913 or 915 and the appropriate 
dash number. 

Power Patch Cord— 914-7, 914-19 

The 914 power patch cords provide interconnections between power supplies 
and mounting panels that are equipped with Fasten @ terminals, series 
250. The 914 power patch cord is stranded wire with IPVC insulation and 
is equipped on each end^with Faston receptacles, series 250. Power patch 
cord 914 is available in Jwo lengths — 7 inches and 19 inches (18 cm and 
48 cm) — and is available in packages of ten of the same length. The 914-7 
is a package of ten 7-Inch (18-cm) patch cords. The 914-19 is a package 
of ten 19-inch (48-cm) patch cords. 

^ Fasten is a trademark of AMP, Inc. 
Daisy Chain — ^917-2.5 

The 917 daisy chain is a continuous length of stranded insulated wire on a 
reel with 250 gold-plated and insulated terminals crimped at 2.5-in. (6.4-cm) 
intervals. A prototype system is easily and quickly hand patched when the 917 
daisy chain is used. 

Th!^ terminals are designed to fit on module connector blocks that have wire 
wrap pins sized for wrapping with 30 AWG wire [0.025/0.026 in. (0.064/ 
0.066 cm) square] e.g., module connector blocks H803, H8030, H807, and 
H863, summarized elsewhere in this publication and described in detail in 
the HARDWARE/ACCESSORIES CATALOG published by Digital Equipment Cor- 
poration. 

The dependable 917 daisy chain push-on terminals are easily removed from 
the connector block wire wrap terminals; this provides an ideal wiring tech- 
nique in systems where unwiring and rewiring for changing systenrh require- 
ments are essential. If an additional lead is ever required on a wire wrap 
terminal, a 915 patch cord can be used; a 915 patch cord can be placed on 
the terminal after the wire wrap connection and before the 917 termination. 

The 917-2.5 daisy chain has 250 terminals at 2.5-in. (6.4-cm) intervals. 
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CABLES 

COMPLETE ASSEMBLIES AND PARTS 
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Digital offers a complete and comprehensive line of pre-assembled cable as- 
semblies compatible with most computer products offered. 

in addition, Digital also offers a complete line of cable acceissories and parts 
for users who wish to construct their own cables. 

This CABLE section is divided into two subsectipns: 

1. Cables (assembled) 

2. Cable Accessories (raw cabling, connectors) 

The pre-assembled cables subsection represents a listing of the most popular 
cable types and the most popular lengths available. 

The other subsection describes cable components such a^tSrminators, con- 
nectors, raw cable, and related cable accessories. 

Many of the cables supplied DIGITAL are also available in non-standard 
custom lengths. For information on price and delivery either call your nearest 
sales office or Logic Products Sales Support, Accessories ^ Supplies Group, 
DIGITAL, MK1-2/E13, Merrimack, NH 03054. 
CABLE WARRANTY NOTE 

All standard and custom length cables are guar- 
anteed against defects in material and work- 
manship for a period of 90 days from date of 
shipment. 

Digital Equipment Corporation neither ex- 
presses or implies that custom length cables will 
y function satisfactorily if the electrical perform- 
ance specification (e.g., drive length) for the ap- 
plication is exceeded. ^ 



) 
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CABLE TYPE 


DESCRIPTION 


CONNECTIONS 




(Principal Use) 








M970 TO RS232 




FIA DATA CARI F 


12-5886 TO 12-5885 




Ml II Tl.l IQP 
m U 1- 1 |-U OC 


HRfSfi TfJ nPFN 




Ml II Tl 1 IQP 
IVIUL 1 l-UOC 






Ml HTM IQP 
mUL 1 l-UOC 


HRRfi TO nPFN 


RonRr" OR 


nt 1 1 PARI F 


H856 TO RS232-M 


DOUOL>-OU 


mil PARI F 


H856 TO RS232-M 


ppORn 1 n 

DOUDU-IU 


Ml II Tl 1 IQF 
IVI U 1- 1 l-UOC 


RS232-M TO RS232-F 


RonRn OR 


Ml II Tl.l I<nF 
IVI U 1- 1 l-UOC. 


RS232-IVhTO RS232-F 




fin H7 1 INF PflRD 


AC INPUT BOX H400-A 


BC05J-06 


50 HZ LINE CORD 


AC INPUT BOX H400-B 


BC05M-2C 


Try CABLE 


12-9340 TO H856 




TTY CABLE 


12-9340 TO H856 






H855 TO H855 




MAQC Qi IC /CI AT\ 


H855 TO H855 


Df^nCD OR 


MAQC Rl IC /CI AT\ 
MAoo DUO ^rLAI ) 


H855 TO H855 


oooAD Rrv 


MAQC Rl IQ /PI AT\ 

mAOo dUo \r LA I ) 


H855 TO H855 




MAQQ RIIQ /Pni INI n\ 
mAOO DUO ^iaWUIN U/ 


12-11591 TO 12-11591 


Df^nCC OR 


MAoo dUo (KUUINU; 


12-11591 TO 12-11591 




macq riiq /DrtiiMr\\ 
MAoo DUO ^KUUINL/^ 


12-11591 TO 12-11591 




Mlh Tl 1 IQP OnTVUD 
IVIUI- 1 l-UOC. ^KJ 1 Wr 


H856 TO OPEN 




A>ll II Tl.l I^F POTWP 
Vn U L. 1 1 - U O ll tV7 1 ¥» 1 


H856 TO OPEN 




MlllTI-M^F P07WP 


H856 TO OPEN 




MULTI-U^F IITWP 
IVI u k 1 1 \j XXI vv r 


H856 TO OPEN 


QrriTR OR 


1 1 TIA/P 
i. X 1 Wr 


H856 TO OPEN 


RpnTn. in 


on.pnw n 

tU-OVjI'lU . 


H856 TO OPEN 




on p/^M r» 


H856 TO OPEN 


D^ATr^ OR 


Ml 11 Tl 1 IQP 
MULI l-UOt 


H856 TO OPEN 




Ml II Tl.l IQP On.T'OMn 

IVIUI. 1 i-uot ^u-ounLi 


M904 TO M904 


Rpna A nR 


Ml f 1 Tl.l IQP 
IVIUI- 1 l-UOC 


M904 TO M904 


DLrUoM* 1 U 


Ml II Tl 1 IQP 
IVIUI-I l-UOC 


M904 TO M904 




pnp OP /in /^r>Mn 


H856 TO M953 




PDP.flF An.priNn 


H856 TO M953 


D OL/O IVI V IVI 




H859 TO H859 




tkAi if Tl 1 IC^ 

MULI i-Uob 


HRRfi TD HRRfi 


























BCOaR-25 


MULTI-USE 

IVI U ^ 1 i WOL. 


H856 TO H856 




MIIITI-IISF 
IVIULI i uoc 


H856 TO H856 


RC1 1 A.no <^ 


MIIITI-llciF IINIRIICi 

mUL. 1 I'UOI^i UlilDUO 


M929 TO M919 


RPl 1 A nR 






RPi 1 A.I n 






RP1 1 A.I R 














MULTI-USE UNIBUS 


M929 TO M919 


BCllK-25 


DRll-C 


H856 TO OPEN 


BCllS-25 


MULTI-USE 


H856 TO H856 
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CABLE TYPE 



DESCRIPTION 
(Principal Use) 



CONNECTIONS 



BCllS-50 
BCllS-AO 



MULTI-USE 
MULTI-USE 



I H85$ TO H856 
*' H856T0H856 



70-8360 



70-11212-25 
70-11212-50 
7011212-AO 



DLll 
LPll 
LPll 
LPll 



12-9340 TO H856 



Wire 



91-05740 30 AWG Wire Wrapping Wire, 1000-ft/spool 
Cformerly designated 935) 

91-07688 24 AWG Wire Wrapping Wire, 1000-ft/spool 
(formerly designated 934) 



CABLE CONNECTORS 

Cable connectors are grouped into eight general classifications according 
to the typie cable they accommodate and their use: flat ribbon cable, flat 
mylar cable, flat coaxial cable, round coaxial cable, flat shielded cable, 
round cable, bus interconnection and termination, and miscellaneous con- 
nectors. Most of the connectors described in this section are general-purpose 
connectors; some, however, are specific-use connectors. These connectors are 
described relative to the specific use. The descriptions of some of the general- 
purpose connectors cite application examples; the cited examples are popu- 
lar, widely used applications and are not intended to imply that a particular 
connector cannot be used with other equipment. 

Frequently Digital Equipment Corporation preassembled cable assemblies 
are available to fulfill your cabling requirements and eliminate the need for 
you to fabricate a cable assembly. Many preassembled cable assemblies are 
described in this handbook. Additional preassembled cable assemblies are 
described in the CABLE PRICE LIST AND CROSS-REFERENCE GUIDE pub- 
lished by Digital Equipment Corporation. 

Digital Equipment Corporation also faf)ricates unique, special-purpose cables 
according to the customer's specifications to suit almost any requirement. 
These specially built cable assemblies are completely assembled and tested. 
Details on special-purpose cables are available from your local DIGITAL sales 
office or from Logic Phoducts Sales Support, Accessories ^Supplies Group, 
DIGITAL, MK1-2/E13, Merrimack, NH 03054. * 

A cable clamp and two eyelets are supplied with each cable connector: The 
cable clamp desired should be specified in each order for cable connectors; 
if cable clamps are not specified, the cable clamp that is. usually used with 
the cable Connector will be supplied. Cable clamps are described elsewhere 
in this publication. 

The following tables summarize the cable connectors; individual detailed 
descriptions and schematic diagrams of these cable connectors are contained 
in the HARDWARE/ACCESSORIES CATALOG published by Digital Equipment 
Corporation. 



\ 
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Flat Ribbon Cable Connectors 



Module 



No. of No. of 
Pins* Cables 



Size 



Description 



M908 



M933 



36 



20 



M957 



M976 



36 2 



120 2 



won 



18 1 



Single- No contact fingers dedicated to 

height, ground; 10-ohm resistors in se- 

standard ries with four contact fingers, 
length Split-lug terminals. Similar to 

M901. 

Single- Twenty signal contact fingers, 
height, two ground contact fingers, 
standard three power contact fingers. Re- 
length ' sistors, capacitors, and jumpers 
may be installed by user at all 
signal contact. fingers to provide 
pull-up capabilities to any one 
of three jumper-selectable volt- 
age fingers, or resistors may be 
installed by ^ser to provide 
shunt-to-ground (termination) 
capabilities at all signal contact 
fingers. Split-lug terminals for 
cable conductors and voltage 
jumpers. 

Single- No contact fingers are dedi- 

height, cated to ground; 32 signal con- 
extended tact fingers; 10-ohm resistors 
length in series with four contact fin- 

gers. Split-lug teminals. 

Double- Uhibus cable connector. Fifty- 
height, six signal contact fingers, 14 
short ground contact fingers. Alter- 
length nate signal/ground cable con- 
ductors. PC solder. Usually 
used to connect the Unibus to 
a system unit in an external 
drawer or cabinet or to a pe- 
ripheral device. Similar to 
M919. 

Single- Nine contact pins dedicated to 
height, ground; nine contact pins for 

short signal use. Can be wired for 

length alternate signal/ground config- 

uration. Nineteen split-lug ter- 
minals. 



'Cable conductor connections. 
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Flat Ribbon Cable Connectors (Cont) 



No. of No. of 

Module Pins* Cables Size Description 



W021 


18 


1 


Single- 
height, 
single 
length 


Nine contact pins dedicated to 
ground; nine contact pins for 
signal use. Can be wired f^r 
alternate signal/ground config- 
uration. Nineteen split-lug ter- 
minals. ' 


W023 


18 


1 


Single- 
height, 
single 
length 


Ail 18 contact pins can be as- 
signed to signals; none are 
dedicated, to ground. Eighteen 
split-lug terminals. Two jumpers 
or resistors must be user-in- 
stalled in series with contact 
pins A and B. 


W027 


. 18 


1 


Single- 
height, 
single 
length 


All 18 contact pins can be as- 
signed to signals; none are 

ohm resistor is in series with 
each pin. Eighteen split-lug ter- 
minals. 


•Cable 


conductor 


connections. 







466 



Fiat Mylar * Cable Connectors 



>No. of No. of 
Module Pins'* * Cables 



Size 



Description 



M901 36 2 



M903 36 



M918 36) 2t 



M922 



M943 



W033 



36 



32 



18 



2t 



Single- No contact fingers dedicated to 

height, ground; 32 signal contact fin- 

standard gers; 10-ohm resistors in series 
length with four contact fingers. PC 

solder. Similar to M908 and 

M922. 

Single- Eighteen signal contact fingers, 

height, 14 ground contact fingers. Al- 

standard ternate signal/ground cable 
length conductors. PC solder. Similar 

to M904 and M943. 

Single- No contact fingers dedicated to 

height, ground. Jumpers in series with 

standard contact fingers Ul and VI; in- 
length stallation of jumpers or resis- 

tors required at contact fingers 
A2 and B2. PC solder. 

Single- No contact fingers dedicated to 

height, ground. Jumpers in series with 

standard four contact fingers. PC solder, 

length Similar to M901. 

Single- Eighteen signal contact fingers, 

height, 14 ground contact fingers. Al- 

standard ternate signal/ground cable 

length conductors. PC solder. Similar 
to IVI903. 

Single- All 18 contact fingers can be 

height, assigned to signals; none are 

single dedicated to ground, 
length 



* *Cable conductor connections. 
tCables enter at right angles to the Isoard. 



* Mylar is a registered trademark of E.I. duPont de Nemours & Co.' 
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Flat Coaxial Cable Connectors 



Module 


No. of No. of 
Pins*J_p6bles 


Size 


Description 


M904 


26 


2 


Single- 
height, 
standard 
length 


Eighteen sfgnal contact fingers, 
14 ground contact fingers. 
Twenty-six split-lug ternriinals, 
eight dedicated to ground. Simi- 
lar to an M903; similar to 
of an M912. 


M01 7 


30 


2t 


Single- 
height, 
standard 
length 


Eighteen signal contact fingers, 
14 ground contact fingers. 
Thirty split-lug terminals, 12 
dedicated to ground. 


/ 

Round Coaxial (TWP) Cable Connectors 


Module 


No. of 
Pins* 


No. of 
Cables 


Size 


Description 


iyi912 


72 


2 


Double- 
height, 
standard 
length 


Thirty-six signal'contact fingers, 
28 ground contact fingers. Split- 
lug terminals. Alternate signal/ 
ground cable conductors. Each 
slot similar to M904. 


M927 


27 


It 


Single- 
height, 
standard 
length 


Sixteen signal contact fingers, 
16 ground contact fingers. Split- 
lug terminals. Similar to M925. 


W024 


18 


1 


Single- 
height, 
short 
length 


Sixteen signal contact fingers, 
two ground contact fingers. 
Thirty-three split-lug terminals. 
Can be wired for alternate sig- 
nal/ground configuration. 


W028 


18 


1 


Single- 
height, 
single 
length 


•^Same as W021 except with split- 
lug terminals for series or shunt 
resistors/capacitors in signal 
leads. ■ 



'Cable conductor connections (includes shields). 
tCables enter at right angles to the board. 
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Flat Shielded Cable Connectors 



No. of No. of 

Module Pins* Cables Size Description 



M953 


40 


1 


Single- 
height, 
standard 
length 


Eighteen signal contact fingers, 
14 ground contact fingers. Al- 
ternate signal/ground cable 
conductors. Equipped with a 
connector ~for solderless con- 
nection of the cable. 


M954 


80 


2 


Single- 
height, 
standard 
length 


None of the contact fingers are 
dedicated to ground; 32 signal 
contact fingers; 10-ohm resis- 
tors in series with four contact 
fingers: Ul. VI, A2. and B2. 
Alternate^ signal/ground cable 
conductors possible. Equipped 
with two connectors for solder- 
less connection of the cables. 


IVI955 


40 


1 


Single- 
height, 
/Standard 
length 


None of the contact fingers are 
dedicated to ground; 16 signal 
contact fingers; 10-ohm resis- 
tors in series with two contact 
fingers. Alternate signal/ground 
cable conductors possible. 
Equipped wjth a connector for 
solderless connection of the 
cable. 



'Cable conductor connections. 
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Bus Interconnection and Termination Connectors 



Module 


No. of 


No. of 


Size 


Description 




Pins* 


Cables 






M920 


N/A 


N/A 


Double- 


Unibus jumper module. 








height, 










short 










length 










dual circuit 










l^oard 




M930 


N/A 


N/A 


"Double- 


Unibus terminatoruTiodule. Ter- 








height, 


minates all UNIBUo signals. 








short 










length 




M935 


N/A 


--K/A 


Double- 


Omnibus jumper module. 








height, 










short 




















ClUcil CiidJIl 










uuciru 




M981 


N/A 


N/A 


Double- 


Unibus terminator module. Ter- 








height, 


minates all Unibus signals ex- 








standard 


cept AC LO L, DC LO L, BG7 H, 








length, 


BG6 H, BG5 H, BG4 H, and 








dual circuit 


NPG H. 








board 





'Cable conductor connections. 

/ 



\ 
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Miscelianeous Connectors 



No. of 

Connector pins* 



No. of 
Cables 



Size 



Description 



12-09340-00 8 



12-09340-01 8 



12-09350-03, 3, 4, 6, 
■04,-06,-09, 9, 12, or 
-12, -15 15 



12-09351-03 3, 4, 6, 
-04, -06, -09, 9, 12, or 
•12,-15 15 



See Description 
column 



See Description 
column 



Refer to 
12-09350 
description 
in this section 



Refer to 
12-09351 
description 
in this section 



2.3 X 0.85 X 0.3 In. 
(5.8 X 2.2 X 0.8 cm) 
nominal 



2.2 X 1.5 X 0.3 in. 
(5.5 X 3.7 X 0.8 cm) 
nominal 



Refer to 12-09350 
description in 
this section 



Refer to 12-09351 
description in 
this section 



Female connector with up to eight female 
pins to provide termination for up to weight 
20-14 AWG conductors. Equipped with two 
mounting holes and is usually mounted on 
a connector board or on the equipment. 
Requires 12-09379-01 pins. Mates with 
12-09340-01 connector. Usually used with 
TTY and other serial devices. 

Male connector that mates with 12-09340-00 
connector and Is usually used to terminate a 
cable with up to eight 20-14 AWG conductors. 
Requires 12-09378-01 pins. Usually used with 
TTY and other serial devices. ^ 

Female connectors that accommodate 3, 4, 
6, 9, 12, or 15 female pins to provide termi- 
nation for 26-14 AWG conductors. Usually 
bulkhead mounted. Requires 12-09879-01 
pins. Mates with 12-09351-03, -04, -06, -09, 
-12, or^ -15 connectors. Usually used with 
TTY and other serial devices. 

Male connectors that mate with 12-09350-03, 
-04,-06,-09, -12, or -15 connectors and are 
usually used to terminate a cable with 26-14 
AWG conductors. Usually used with TTY and 
other serial devices. 



*Cable conductor connections. 
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Miscellaneous Connectors (Cont) 



No. of NOb of 

Connector Pins* Cables Size Description 



H851 N/A 



H854 40 



H856 40 



M9100 



80 at 
H854S 



Two adjacent slots 
accommodate 
36 single-height 
contact fingers 

2.5 X 0.75 X 0.3 In. 
(4.6 X 1.89 X 0.8 cm) 
nominal 



2.205 X 0.545 X 
0.^0 in. (5.600 X 
1.384 X 0.508 cm) 
nominal _ 

Single- height, 
extended length 



Edge connector providing busing of 36 signals 
of two adjacent modules, equipped with top 
(handle end) contact fingers. 

r 

A 40- pin connector designed to be mounted 
on a printed circuit board. The pins form 
right angles to interieect the printed circuit 
tracks. Mates with H856 connector. - 

Designed to terminate a cable and mate with 
H854 connector. (Referred to as a "Berg con- 
nector.") 



Printed circuit cable connector with two 
40-pin H854 connectors that mate with cables 
equipped with H856 connectors. The two 
H854 connectors and the board contact fin^ 
gers form a "T" type connector. Thirty-two 
independent lines available at contact fingere 
with the remaining contact fingers, usually 
associated with ground, connected in com- 
mon. 



*Cable conductor connections. 



Miscellanys Connectors (Cont) 



Connector 



No. of 

Piris* 



No. of 
Cables 



Size 



Description 



M971 



40 at 

one 

H854 



(A) 



M973 



'M975 



Single-height, 
standard length 



80 at 

two 

H854S 



Single-height, 
standard length 



Double-heigl;it, 
short length 



Printed circuit cable connector with a 40-pin 
H854 connector that -mates with a cable 
equipped with an H856 connector. Forty 
pins of the H854 in series with 36 board 
contact fingers; i.e., 32 pins of the H854 in 
series with 32 contact fingers (four with 
10-ohm resistors in series) and eight pins of 
the H854 in series with four contact fingers. 
No contact fingers dedicated to ground. 

Printed circuit cable connector with a 
12-09340-00 connector equipped with four 
pins. The connector mates with a cable 
equipped with a 12-09340-01 connector. Nor- 
mally used as a TTY cable connector. 

Printed circuit cable connector with two 
40-pin H854 connectors that mate with 
cables equipped with H856 connectors. Eight- 
een pins of each H854 in series with 18 
board contact fingers; the two H854 connec- 
tors are not electrically connected. Six con- 
tact fingers and 44 H854 pins dedicated to 
ground. Alternate signal/ground cable con- 
ductors. 



*Cable conductor connections. 
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FLAT CABLE 
' (40 CONOUCTOS) 



Length: Extended 
Height: Double 
Width: Single 



TO INTERFACE 
OR 

DEVICE LOGIC 



M9970 
ORCUIT 
BOARD 



■ I I I M I I I I I I I I t I I I I I I I 



I I I I I i I I I I I I I I I I I I I M I 
B S 

^ Jl PIN ASSIGNMENTS * 



M9970 H854-T0-BACKPLANE ADAPTER 

The M9970 is a double-height, extended-length module with an H854 Male 
Connector permanently mounted to the board, ^ach of the 40 pins of the 
H854 connect to the edge board contacts of the module through printed 
circuit wiring. The H854 will accept any standard or special flat cable with 
an H856 Plug mounted on the cable end. The module can be used as an 
adapter to transfer signals and levels to or from a device br interface logic 
and the backplane wiring of a system unit or connector block. To facilitate 
installation with DIGITAL systems, none of the signal lines of the M9970 
Module connect to the standard power or ground pins normally assigned to 
the FLIP CHIP modules. 
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M9970 MODULE 

JI 



A 
B 
C 
0 
E 
F 
H 
J 
K 
L 
M 
N 
P 
R 
S 
T 
U 
V 
W 
X 
Y 
Z 
AA 
BB 
CC 
DD 
EE 
FF 
HH 
JJ 
KK 
LL 
MM 
NN 
PP 
RR 
SS 
TT 
UU 
VV 



AD1 



AD2 



AE1 



AE2 



AH I 



AF2 



AK1 



AH2 



All 



AK2 



AMI 



AL2 



AN1 



AN 2 



API 



AP2 



ART 



AR2 



AS1 



AS2 



BO) 



B02 



BE1 



BE2 



6K1 



BF2 



BK1 



BH2 



BLl 



BK2 



BM1 



BL2 



BN2 



BPl 



BP2 



BRl 



BR2 



BS1 



BS2 
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M906 CABLE TERMINATOR 

Length: Standard 
Height: Single 
Width: Single 



Hi} 



HI 



-VWr- 



+3 

T 

GND 



02 



E2 



H2 



220 

-WNr- 



-VW- 



-vs/v- 



•+5 



^'EQUIVALENT CIRCUIT- 
EACH INPUT 



K2 



S2 



T2 



V2 



|i4}i^? 

lP2 



if 

-vw- 



-+5V 



Power 

Volts mA (max.) Pins 
+5 440* A2 

GND*» Al, 01. Fl. Kl, Nl. Rl, H 

02, F2, J 2, L2, N2, R2, U2 

* all signal lines grounded 
** all ground pins must be grounded 



The M906 cable terminator module contains 18 load resistors which are 
clamped to prevent excursions beyond +3 volts and ground. It may be used 
in conjunction with M623 to provide cable\driving ability similar to M661 
using fewer module slots. 

APPLICATIONS 

The M906 may be used to ternrinate inputs. In this configuration M906 and 
Mill are a good combination. 

This module is normally used with standard M Series levels of 0 and +3 
volts to partially terminate 100-ohm cable. It presents a load of 22.5 mA or 
14 TTL unit loads at ground a^d, therefore,, must be driven from at least an 
M116-type circuit or, preferably, a cable driver. 
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M909 TERMINATOR 

Length: Standard 
Height: Single 
Width: Singie 



B1 O- 



D2 O- 



D1 O- 



E2 O- 



El O- 



H2 O- 



H1 O- 



J1 o- 



K2 O- 



L1 O- 



M2 O- 



M1 O- 



P2 O- 



P1 o- 



S2 O- 



S1 o- 



T2 0- 



V2 O- 



Power 
Volts mA (max.) 
+5 NONE 
GND 



68A 



-WV- 



-WVr- 



Pins 

Al, CI, C2. Fl, J2. Kl 
L2. Nl, N2, Rl, R2, Tl, U2 



The M909 module contains eighteen 68-ohm resistors tied to ground through 
a common bus. 

APPLICATIONS 

This module is intended to l>e used with the M910 to forni half of the 
biasing circuit used in the driving networit of the M622. ^ 
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M910 TERMINATOR 



Length: Standard 
Height: Single 
Width: Single 



Volts 

+5 

GND 



Power 
mA (max.) 
1350 



68X1 



Pins 
A2 

Al. CI. C2, Fl, F2, J2, Kl 
L2, Nl. N2. Rl. R2, Tl, U2 



-VW- 



+5V 



-OBI 



-0D2 



-0E2 



-OE1 



-OH2 



-Ohi 



-0K2 



-OM2 



-0L1 



-OM1 



-0P2 



-Opi 



-0S2 



-OS1 



-OT2 



■OV2 



The M910 module contains elghiteen 68-ohm resistors tied to a common +5 

volt bus. 

APPLICATIONS 

This module is intended to be used with the M909 to form half of the biasing 
circuit used in the driving network of the M622. 
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CABLE CLAMPS 

Cable clamps provide strain relief where a cable enters a cable connector. 
Cable clamps are availably for both flat and round cables. 

Cable Clamp — 12-09764 

The 12-09764 cable clamp can be used with flat cable up to 4.562 in. (11.587 
cm) wide. Two 0.128-in. (0.325-cm) diameter mounting holes are spaced 
4.750 in. (12.065 cm) center-to-center to align with holes on the cable 
connector; nylon mounting hardware (No. 4 screw and nut) is recommended. 

Cable Clamp — 12-09925 

The 12-09925 cable clamp can be used with module connector block H807 
and a round cable. An H807 connector block and a round cable provide a 
convenient method of terminating a single-height module at a remote loca- 
tion. The 12-09925 cable clamp protects the solder connections of the cable 
and the connector pins; it also prevents excessive strain on the cable when 
the module is inserted into or removed from the module connector. The 
12-09925 will accommodate cables from 0.290 in. (0,737 cm) to 0.390 in. 
(0.813 cm) in diameter. 

The body of the 12-09925 is equipped with two 6-32 threaded inserts so 
that the cover of the 1^-09925 can be secured to the body. 

Cable Clamp — 940 

The 940 cable clamp can be used with flat cable up to 1.75 in. (4.45 cm) 
wide. The cable slot is 0.080 in. (0.203 cm) deep. Two 0.128-in. (0.325-cm) 
diameter mounting holes are spaced 2.000 in. (5.080 cm) center-to-center to 
align with holes on the cable connector; nylon mounting hardware (No. 4 
screw and nut) is recommended. 

Cable Clamp— -941 

The 941 cable clamp can be used with round cable that is 0.281 to 6.438 in. 
(0.714 to 1.113 cm) in diameter. The 941 cable clamp can also be used 
where cables require strain relief at the entry point to panels and cabinets. 
Two 0.136-in. (0.345-cm) diameter mounting holes are spaced 2.000 in. 
(5.080 cm) center-to-center to align with holes on the cable connector, panel, 
or cabinet; nylon mounting hardware (No. 4 screw and nut) is recommended. 
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In approximately 21 years, DIGITAL EQUIPMEN1*C0RP0RATI0N has grown 
from three employees and one floor of production space in a converted 
woolen mill, to a major international corporation. DIGITAL now employs more 
than 38,000. Our products are manufactured worldwide, and are sold and 
serviced from customer support centers in the United States, Canada, Japan, 
Australia and several European cQ^untries. 

We produce a wide variety of computer and control products ranging from 
logic modules to large time sharing computer systems. In addition to those 
logic modules and associated equipment detailed in, this handbook, DIGITAL 
also manufactures 12-, 16-, 18- and 36-bit computers, peripheral devices, 
special systems, accessories, programmable controllers and a wide variety 
of software. 

DIGITAL first began manufacturing computer-related equipment in 1957 
when we introduced a line of solid state logic modules. These were initially 
used to test and build other manufacturers' electronic equipment. The logic 
module product lines have been continually broadened, and DIGITAL now 
ranks as the world's largest manufacturing supplier of digital logic modules, 
producing more than three million per year. 

Our first computer, the PDP-1 was introduced over a decade ago, selling for 
$120,000 while competitive machines were priced over $1 million. Ever since 
the PDP-1, DIGITAL has specialized in on-line, real-time computers. 
The PDP-5, introduced in 1963, was the first truly small computer. The 
PDP-8 series, the PDP-5 successor announced in 1965, is one of the most 
popular and successful families of computers ever produced. 

The PDP-11 sixteen-bit computer also ranks as the industry leader of 
medium-sized systems. 

DIGITAL Js a leading force in small computers, but it also has been a pace- 
setter in other parts of the industry. For example, one of- the first time 
sharing systems ever built incorporated a PDP-1. DIGITAL introduced the 
first large-scale, commercially available tinfe sharing system in 1965 — the 
PDP-6. Its successor, the DECsystem-10, can do more at a price well under 
$1 million than competitive systems costing several times as much. 

In industry, DIGITAL computers provide .engineers with a powerful control 
and testing tool. They control blast furnaces and open hearths, monitor slab 
mills and finishing mills, and control and monitor a variety of macWne tools, 
transfer and material handling equipment. DIGITAL computers can be found 
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controlling a busy section of the New Jersey Turnpike and providing type- 
setting and copy production for many newspapers and publisliing firms. 

In science, our computers have cut the researchers experiment time with 
direct, on-line data reduction. DIGITAL computers control and monitor pow- 
erful nuclear reactors, control X-ray diffractometers, analyze nuclear spec- 
troscopy data, and assisted in the analysis of lunar rock samples. They^ are 
used extensively in environmental research and pollution control. 

In virtually all DIGITAL computer installations, DIGITAL solid state logic is 
used for interfacing or control application. 



GENERAL INFORMATION 



FINANCIAL RESULTS (Fiscal Year) 



Total Sales (in millions) 
1977 $1,058.6 



Net Income (in millions) 
1977 $108.5 



DIGITAL EQUIPMENT CORPORATION 



DIGITAL COMPUTER SPECIAL 
SYSTEMS FACILITIES 



AUSTRALIA 
Sydney 
CALIFORNIA 
Santa Ana 
CANADA 
Kanata (Ottawa) 



JAPAN 
Tokyo 



NEW HAMPSHIRE 



Nashua 
SWEDEN 



FRANCE 
Annecy 



Solna (Stockholm) 
UNITED KINGDOM 
Reading 



GERMANY 
Munich 
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DIGITAL MANUFACTURING FACILITIES 



ARIZONA 

Phoenix 

CALIFORNIA 

Mountain View 

CANADA 

Kanata 

COLORADO 

Colorado Springs ' 

HONG KONG 

IRELAND 

Gal way 

MAINE 

Augusta 

MASSACHUSETTS 
Acton 

Marlborough 

Maynard 

Natick 



DIGITAL TRAINING CENTERS 

AUSTRALIA 

Sydney 

CALIFORNIA 

Sunnyvale 

CANADA 

Kanata (Ottawa) " 

DISTRICT OF COLUMBIA 

Washington (Lanham, Md.) 

FRANCE 

Ra'ngis (Paris) 

GERMANY 

Munich 

ILLINOIS 

Rolling Meadows (Chicago) 

ITALY 

Milan 

JAPAN 

Tokyo 

MASSACHUSETTS 

Marlborough 

Maynard 

NETHERLANDS 

Utrecht 

NEW YORK 

New York City 

SPAIN 

Madrid 

SWEDEN 

Soina 

SWITZERLAND 
Zurich 

UNITED KINGDOM 
Reading 



Springfield _ 

Westboro 

Westfield 

Westminster , * 

NEW HAMPSHIRE v 

Derry 

Nashua 

Salem 

NEW MEXICO 

Albuquerque 

PUERTO RICO 

Aguadilla 

San German 

SCOTLAND 

Ayr 

TAIWAN 
VERMONT 
South Burlington 

CORPORATE HEADQUARTERS 

Digital Equipment Corporation 

Maynard, Massachusetts 01754 

Telephone: 

Metropolitan Boston: 646-8600 
Elsewhere: (617) 897-5111 

TWX: 710-347-0212 

Cable: Digital Mayn. 

Telex: 94-8457 



EUROPEAN HEADQUARTERS 

Digital Equipment Corporation 
International (Europe) 
12, avenue des Morgines 
Case Postale 510 
1213 Petit-Lancy 1 
Geneva, Switzerland 
Telephone: (022) 93 33 11 



CANADIAN HEADQUARTERS 

Digital Equipment of Canada, Ltd. 
100 Herzberg Road 
Kanata, Ontario, Canada 
Telephone: (613) 592-5111 
TWX: 610-562-8732 



TOTAL EMPLOYEES . . .. .38,000 
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GENERAL DESCRIPTION OF DIGITAL PRODUCTS 

(Excluding those discussed in this Handbook) 

COMPUTERS 

PDP-8E, PDP-8F, PDP-8M, PDP-8/A, the lower cost successors to the PDP-8/1 
and PDP-8/L They are the outgrowth of the largest concentration of mini- 
computer engineering, programming and user expertise in the world. Among 
the PDP-8/E features are: a unique internal bus system called OMNIBUSTM, 
which allows the user to plug memory and processor options into any avail- 
able slot location; the availability of 256 words of read only or read/write 
memory; a 1.2 microsecond memory cycle time; the use of TTL integrated 
Circuitry with medium scale integration; expansion to 32,768 12-bit words; 
low cost mass storage expansion with DECdisIt, DECtape, or the DECcassette. 

PDP-11 A family of expandable general purpose computers with 4,096 16-bit 
words of standard core memory. Memory cycje time is 1.2 microseconds. 
Machine uses integrated circuitry and has some medium-scale integration in 
central processor. Models are PDP-11/03, 04, 34, 45, 55, 60, and 70. 

VAX-11/780 A compatible upward extension of the PDP-11 family, this com- 
puter features a 32-bit word length^, a large virtual-memory operating system, 
and a very extensive instruction set especially suited for efficient high-level 
language programs. 

PDP-12 Laboratory computer system capable of executing PDP-8 and LINC-8 
programs. It has basic 4,096-word core memory. Each word is 12 bits in 
length. Basic laboratory system includes interactive graphics capability, mag- 
netic tape storage, A/D converter, and prewired, real-time clock. 

PDP-15 A medium-scale series with an 18-bit word length, available in 5 com- 
plete software operating systems and 8 applications pacltages. 

DECSYSTEM-20 Family of outstandingly low-cost medium-scale mainframes 
with 36-bit word length, fully software-compatible with each other and with 
the rest of the Digital mainframe line. Models are 2020, 2040, 2050, and 
2060. 

DECSYSTEM-10 General purpose 36-bit word large computer that will handle 
up to 63 time-sharing users simultaneously with batch and real-time jobs at 
the same time. 

COMPUTER-BASED SYSTEMS 

Industrial Products. Digital's industrial computer systems are based on 
PDP-8 and PDP-11 processors and encompass a range of power and capabil- 
ity. Products designed specifically for the industrial user include program- 
mable controllers, environmental computer enclosures industrial control sub- 
systems and power demand control equipment. 

Business Systems. Digital's business-oriented computer systems, called DEC 
DATASYSTEMS, are based on the PDP-8 and PDP-11 minicomputer families 
and configured with appropriate terminals and storage devices. They func- 
tion as complete stand-alone data-handling systems or as intelligent terminals 
in a large network. A new addition is the VT78 DECstation, the company's 
lowest-priced full computer system. 

Education Products. These systems include a variety of applications software 
and vary from small stand-alone single-user systems to large, multi-user 
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timesharing configurations capable of handling computer-aided instruction 
as well as administrative data processing. N 

Data Communications. The data communications capability of the cortiputer 
is enhanced by the special products — data handlers, front-end preprocessors, 
data loggers, modems — as well as the software and services of Digital's 
DECcomm group. 

Laboratory Data Products include the DECgraphic-11 series of interactive, 
starfd-alone computer-based graphics systems, DECIab-11' laboratory data 
handling systems, the Gamma-11, designed for use in nuclear medicine, 
MUMPS-11 data base management system for the hospital environment, 
PHA-11 pulse height analysis systems designed specifically for nuclear and 
x-ray spectroscopy in low-energy physics and radiochemistry applications, and 
the PDL programmable data logger, aa easy-to-use laboratory data acquisition 
system. 

Computerized Typesetting. Computer-based systems for setting type, includ- 
ing justification and hyphenation, text storage and editing, classified ad han- 
dling and related business applications, are available in a range of size and 
capability — Typeset-8, Typeset-11, Typeset-10 — depending on the Digital 
computer system. 

Word Processing. Digital's family of video-display word processing products 
includes both stand-alone and multi-terminal, shared-logic systems, they can 
interact with PDP-ll-based systems also. 

Original Equipment Manufacturing. Digital serves the OEM with a complete 
range of products and services designed to enhance the capability and profit- . 
ability of both the manufacturer and the end user. 

Components. The same quality components found in Digital products are 
available to the high-volume user, in quantity, without the normal Digital 
supporting services. 

Peripherals. Digital offers a wide range of peripheral equipment and acces- , 
sory devices for the computer user. Among them: analog/digital converters, 
display and plotting equipment, drums and disks, magnetic tape equipment, 
card, equipment, lineprinters. 

Graphic Systems. Digital's GT series interactive graphic terminal systems 
function as complete stand-alone graphics systems or as part of a larger 
system configuration. 

Special Systems. Digital maintains a special s^tems group with the capa- 
bility to custom-build hardware and software systems to fulfill specific ap- 
plications. 

Software. A comprehensive selection of software complements Digital hard- 
ware. Assemblers, debugging routines, editors, monitors, floating point pack- 
ages, mathematical routines, and diagnostic programs are available, as are 
conversational, interpretive languages developed for use in specific applica- 
tion areas. 

Supplies and Accessories. Digital also provides power supplies, cabinetry, 
mounting hardware, tape, tape reels, storage racks, teleprinter ribbon and 
paper. / . 
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WARRANTY 



All Products (except Software) listed in this Handbook are warranted as 
stated below for a period of ninety (90) days from date of initial delivery, 
except that the warranty period for W, M, K, and A Series modules is one 
(1) year. 

All Products (except Software) are warranted against defects in material 
and workmanship under normal and proper use and in their original un- 
modified condition for the period set forth in Clause A above. If found 
defective by DIGITAL within the terms of this warranty, DIGITAL'S sole 
obligation shall be to repair or replace (at its option) the defective Prod- 
uct. If DIGITAL determines that the Product is not defective within the 
terms of this warranty, Customer shall pay all costs of handling and 
return transportation. All replaced Products become the property of 
DIGITAL. As a condition of this warranty. Customer must obtain a DIGITAL 
Return Authorization Number, and must return all Products, transporta- 
tion prepaid and insured, to: 

Digital Equipment Corporation 
Logic Products Services 
Repair Section 

Cotton Road > 
Nashua, NH 03061 

Transportation charges for the return to Customer shall be paid by 
DIGITAL within the contiguous United States only. These warranties out- 
side the contiguous United States are limited to repair or replsfcement 
only and exclude all costs of shipping, Customs clearance, and other re- 
lated charges. 

Premium methods of shipment are available at customer expense and 
will be used only when specifically requested. DIGITAL maintains a fac- 
tory repair service for customer convenience and will repair.equipment 
beyond the warranty at then current prices as long as repair components 
are available. 

EXCEPT FOR THE EXPRESS WARRANTIES STATED ABOVE, DIGlfAL DIS- 
CLAIMS ALL WARRANTIES ON PRODUCTS, INCLUDING ALL IMPLIED 
WARRANTIES OF MERCHANTABILITY AND FITNESS; and the stated ex- 
press warranties are in lieu of all obligations or liabilities on the part of 
DIGITAL for damages, including but not limited to special, indirect, or 
consequential damages arising out of or in connection with the use or 
performance of the Products. 
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HOW-TO-ORDER 

Ail products described in this Handbook can be ordered by telephone, TELlEX, 
TWX, or mailed to your local DIGITAL sales office. When placing an order, 
please provide specific information regarding part number full description, 
quantity, ship-to and bill-to addresses. Please state on your purchase order 
that "DIGITAL'S Standard Terms & Conditions govern this order." Prices 
are listed in the Price Supplement booklet, and do not include applicable 
state and local taxes or shipping charges. 

/ Also, by using the DIGITAL Direct Sales Catalog, you can order direct from 

the factory^ and realize significant savings on many items in this Handbook. 
Order your copy of the Direct Sales Catalog by filling in the postcard attached 
in this Handbook, or call toll-free 8:30 AM to 5:00 PM Eastern time 800-258- 
1710. From New Hampshire locations or places outside the continental U.S., 
603-884-6660. 

MINIMUM ORDER SIZE 

A minimum order size of $35 is required. Customers will be billed the full 
$35 for orders not meeting the minimum size. 

CANCELLATION POLICY 

All orders placed with Logic Products and scheduled for shipment, if cancelled 
by customer in whole or, in part, are subject to a cancellation charge if can- 
celled before or after the scheduled shipping date. The cancellation charge 
is $25 for any cancellation within sixty (60) days of the scheduled delivery 
date. Custom variations are considered non-cancellable after the order is 
acknowledged. 
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TYPE TITLE Page 

861-B * Power Controller (180-270 Vac, 

Single-Phase) 428 

861-C Power Controller (90-135 Vac, 

Single-Phase) 428 

861-D Power Controller (90-135 Vac, 

Three- Phase) 428 

861 -E Power Controller (180-270 Vac. 

Three-phase) 428 

913- (all dash Patch Cords, 24 AWG (100/pkg) 458 

items) 

914- 7 7-Inch Power Patch Cord (10/pkg) 459 

914- 19 19-Inch Power Patch Cord (10/pkg) 459 

915- (all dash Patch Cords, 26 AWG (100/pkg) 458 

items) 

9f7-2.5 Daisy Chain, Clip every 2.5" 459 

932 Bus Strip (5/pkg) 457 

933 Bus Strip 457 

937 Blank Module Handle (25/pkg) 455 

939 Bus Strip (6/pkg) 457 

940 Cable Clamp (25/pkg) 477 

941 Cable Clamp (25/pkg) 477 

954 Solder IC Sockets (10/pkg) 455 

956 DEC8640 UNIBUS Receiver IC 

(Quad 2-lnput NOR Gate) 106 

957 DEC8881-1 UNIBUS Driver IC 

(Quad 2-lnput NAND Gate) 106 

961 24-Pin IC Sockets (5/pkg) 455 

962 40-Pin IC Sockets (5/pkg) 455 

12-09154 Drawer Mounting Slides (pair) 400 

12-09224 Latch 410 

12-09340-00 8-Pin Cable Connector (Female) 

Housing (2/pkg) 47I 

12-09340-01 8-Pin Cable Connector (Male) 

Housing (2/pkg) 47I 

12-09350- (all Cable Connector (Female) Housing .... pkg. 471 
dash items) 

12-09351- (all Cable Connector (Male) Housing pkg. 471 

dash items) 

12-09703 Drawer Mounting Slides, Tilt (pair) 400 

12-09764 Cable Clamp (5/pkg) 477 

12-09925 Cable Clamp (4/pkg) _ 477 

12-10331-0 5" Blower for H909-C 416 

12-10711-02 Module Hold-Down Bracket 457 

12-10945 Chassis Slides (Pair) 414 

12-11386 Thick Latch 4IO 

54-11808 Console Panel 161 

70-08360 Cable, used with DLll 463 

70-08612-4A Console Signal/Power Cable I6I 

70-11212-25 Cable, used with LPll 463 

70-11212-50 Cable, used with LPll , 463 

70- 112 12- AO Cable, used with LPll < 463 
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70-11656 Console Bezel 161 

70-12438-0 Blower Fan for H984-BA (115 Vac) .< 412 

* 70-12438-1 Blower Fan for H984-BB (230 Vac) 412 

70-12754-2F Remote Signal Cable 161 

74-06706 Fan, Cover Plate 401 

74-06782 Kickplate (use with H952-BA) 400 

74-06793 Kickplate 400 

74-07789 Spacer 410 

. 74-09449 Bracket for Chassis Slides (right) 417 

74-09459 Bracket for Chassis Slides (left) 417 

74-09819 Key-Lock Strike Plate 410 

74-17440 Blank Connector^ Panel for H984-B 412 

90-06990 Cabinet Door Ground Strap 411 

90-07786 Tinnerman Clip Nut and Phillips Pan 

Head ScrewrCollection bag 410 

90- 08887 Cabinet Frame Ground Strap 410 

91- 05740 WiriB Wrapping Wire, 30 AWG 464 

91-07688 Wire Wrapping Wire, 24 AWG 464 

A123 4-lnput Multiplexer 377 

A126 8-Channel High Impedance Multiplexer . 379 

A207 Operational Amplifier 382 

A619 10-Bit D/A Converter, Single Buffered 384 

A704 Reference Supply 386 

A866 High-Speed 12-Bit Bipolar A/D Converter .. 388 

AAVll-A LSI-11 D/A Converter 133 

ADVll-A LSI-11 A/D Converter 134 

BAll-ES Expansiori Mounting Box 420 

BAll-KE " Expansion Mounting Box 421 

BAll-KF Expansion Mounting Box 421 

BBll 4-Slot System Interfacing Unit 431 

BBll-A 4-Slot System Interfacing Unit 431 

BBll B 9 Slot System Interfacing Unit 434 

BCOlR-25 M970 plur^BC05C-25 463 

BCOlV-25 ElA Data Cable 463 

BC04Z-10 40-Conductor Flat Mylar Cable 463 

BC05C-25 25-Conductor Round Cable, 25 ft 463 

BC05C-50 25-Conductor Round Cable, 50 ft 463 

BC05D-10 25-Conductor Round Cable 463 

BC05D-25 25-Conductor Round Cable 463 

BC05H-6 Line Cord Set, 60 Hz 463 

BC05J-6 Line Cord Set, 50 Hz 463 

BC06R-06 Mass Bus (Flat) 463 

BC06R-10 Mass Bus (Flat) 463 

BC06R-25 Mass Bus (Flat) 463 

BC06R-50 ^ Mass Bus (Flat) 463 

BC06S-10 Mass Bus (Round) 463 

BC06S-25 Mass Bus (Round) 463 

BC06S-40 Mass Bus (Rourid) 463 

BC07A-10 20-TWP Round Cable 463 
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BC05M-2C TTY Cable 463 

BC05M-4 TTY Cable 463 

BC07A-15 20-TWP Round Cable : 463 * 

BC07A-25 20-TWP Round Cable 463 

BC07B-10 11-TWP Round Cable 463 

BC07B-25 11-TWP Round Cable 463 

BC07D-10 Two 20-Conductor Ribbon Cables 463 

BC07D-15 Two 20-Conductor Ribbon Cables 463 

BC07D-25 Two 20-Conduetor Ribbon Cables ..: 463 

BC08A-03 Multi-Purpose Cable 463 

BC08A-05 Multi-Purpose Cable 463 

BC08A-10 Multi-Purpose Cable 463 

BC08J-10 40-Conductor Flat Mylar Cable 463 

BC08J-15 40-Conductor Flat Mylar Cable 463 

BC08M-0M Cable with H859^859 .r 463 

BC08R-01 40-Conductor Flat Mylar Cable 463 

BC08R-06 40-Conductor Flat Mylar Cable 463 

BC08R-08 40-Conductor Flat Mylar Cable 463 

BC08R-10 40-Conductor Flat Mylar Cable 463 

BC08R-12 40-Conductor Flat Mylar Cable 463 

BC08R-20 40-Conductor Flat Mylar Cable 463 

BC08R-25 40-Conductor Flat Mylar Cable : 463 

BC08R-50 40-Conductor Flat Mylar Cable 463 

BC08R-60 40-Conductor Flat Mylar Cable 463 

BC08R-A0 40-Conductor JIat Mylar Cable 463 

BCllA-02 Two 60-Conductor Flat Mylar Cables 463 

BCllA-05 Two 60-Conductor Flat Mylar Cables 463 

BC11A-8F Two 60-Conductor Flat Mylar Cables . . .... 463 

BCllA-10 Two 60-Conductor Flat Mylar Cables 463 

BCllA-15 Two 60-Conductor Flat Mylar Cables 463 

BCllA-20 Two 60-Conductor Flat Mylar Cables 463 

BCllA-25 Two 60-Conductor Flat Mylar Cables 463 

BCllA-35 Two 60-Conductor Flat Mylar Cables 463 

BCllA-50 Two 60-Conductor Flat Mylar Cables ..... 463 

BCllK-25 20-TWP Round Cable (Used with DRVll) 

25 feet v 463 

BCllS-50 H856 to-H856, 36-Conductor Round 464 

BCllS-AO^ • H856-to-H856, 36-Conductor Round 464 

BCVlA-02 LSI-11 Jumper Cable Assembly, 2 feet 136 

BCVlA-04 LSI-11 Jumper Cable Assembly, 4 feet 136 

BCVlA-06 LSI-11 Jumper Cable Assembly, 6 feet 136 

BOVlA-10 LSI-11 Jumper Cable Assembly. 10 feet .... 136 

BCVlB-02 LSI-11 Jumper Cable/Terminator Assembly, 

2 feet 136 

BCVlB-04 LSI-11 Jumper Cable/Terminator Assembly, 

4, feet 136 

BCVlB-06 LSI-11 Jumper Cable/Terminator Assembly, 

6 feet 136 

BCVlB-10 LSI-11 Jumper Cable/Terminator Assembly, 

10 feet 136 

DCKll-AA Program Control CHIPKIT Chips 164 

DCKll-AB DMA CHIPKIT Chips 164 
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DCKll-AC i Program Control CHIPKlY, Complete 164 v 

DCKll AD DMA CHIPKIT, Complete 164 

DDVll-B LSI ll 9x6 Backplane Assembly 434 

DECkitU-D PDP-11 Direct Memory Access Interface . 101 
DECkitll-H PDP-11 I/O Interface (4 Words In/4 Words 

Out) 123 

DLVll LSI-11 Serial Interface Unit 132 

DR8-ED 2-Word OMNIBUS Input Interface 24 

DRll-L 2-Word lnpu^UNIBUS Interface 53 

DRU M 2-Word Output UNIBUS Interface 63 

DRVll LSI-11 Parallel Interface Unit 133 

DRVll-B Direct Memory Access Interface for.liSf-ll 138 

DRVll-P LSI-11 Interface Foundation Module 148 

G772 Power Control Board 376 

H020 Connector Block Mounting Frame 430 

H033 4-Slot System Unit Mounting Frame 431 

H034 9-Slot System Unit Mounting Frame 434 

1-1035 Vertical System Unit Mounting Frame 414 

H322 Distribution Panel 428 

H716 Power Supply (-f 5 Vdc, -15 Vdc) 423 

H720-E Power Supply (+5 Vdc, -15 Vdc, +8 Vdc, 

-22 Vdc) 424 

H720-F Power Supply (+5 Vdc, -15 Vdc, -+-8 Vdc, 

-22 Vdc) 424 

H722 Step-Down Transformer 428 

H726-B Power Supply (+5 Vdc) 423 

H740-D Power Supply (-f 5 Vdc, -15 Vdc, -fl5 Vdc) 424 

H755 Power Supply (+5 Vdc, ±15 Vdc) 424 

H800-W Connector Block (144-Pin) 44O 

H802 Connector Block (18-Pin) 44O 

H803 Connector Block (288-Pin) 44O 

H807 Connector Block (36-Pin) 44O 

H808 Connector Block (144-Pin) 44O 

H810(24) PistohGrip Wire Wrapping Tool Kit for 24 

. AWG Wire 455 

H810-A Pistol-Grip Wire Wrapping Tool Kit for 30 

AWG Wire 455 

H810-B Pistol-Grip Wire Wrapping Tool Kit for 24 

or 30 AWG Wire 455 

H810-C Battery-Powered Wire Wrap Gun with Bit 

and Sleeve for 24 AWG Wire 455 

H810-D Battery-powered Wire Wrap Gun with Bit 

and Sleeve for 30 AWG Wire 455 

H811(24) Hand Wire Wrapping Tool for 24 AWG Wire 455 

H811-A Hand Wire Wrapping Tool for 30 AWG Wire 455 
H812(24) Hand Wire Unwrapping Tool for 24 AWG 

Wire 455 

H812-A Hand Wire Unwrapping Tool for 30 AWQ 

Wire 455 

H813(24) Wire Wrap Gun Bit for 24 AWG Wire 455 

H813-A Wire Wrap Gun Bit for 30 AWG Wire 455 
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H814(24) Wire Wrap Gun Sleeve for 24 AWG Wire . .. 455 

H814-A Wire Wrap Gun Sleeve for 30 AWG Wire .... 455 
H820 Grip Clip Connectors for 24 AWG Wire 

(1000/pkg) 458 

H821 Grip Clip Connectors for 30 AWG Wire 

(1000/pkg) 458 

H850 Module Handle Extender ..: 456 

H851 Edge Connector 472 

H852 Module Holder (25/pkg) 456 

H853 Module Holder (25/pkg) 456 

H854 I/O Connector (40-Pin Male) Board Mount 472 
H856 I/O Connector (40'Pin Female) Cable 

Mount 472 

H863 Connector Block (288-Pin) 440 

H909-A General Purpose A Logjc Box * 417 

H909-BA General Purpose Logic Box with Power 

Supply , 417 

H909-C General Purpose Logic Box 415 

H911-J Mounting Panel 420 

H911-K . Mounting Panel 420 

H911-S Mounting Panel 420 

H914 Mounting Panel 420 

H916 Mounting Panel 420 

H933-C 4-Slot System Unit 431 

H933-CA 4-Slot System Unit 431 

H933-CB 4-Slot System Unit 431 

H934-CB 9-SlDt System Unit 434 

H950-AA Cabinet Frame (Standard Size) 400 

H950-BA Full Door (RH) (Front or Rear Mounting) .. 400 

H950-CA Full Door (LH) (Front or Rear Mounting) .. 400 
H950-DA Mounting Panel Door Frame (RH) (Rear 

Mounting) 400 

H950-EA Mounting Panel Door Frame (LH) (Rear 

Mounting) 400 

H950-FA Mounting Panel Door Skin 400 

H950-G Cabinet Table 400 

H950-HA Short Door (Covers 21 in. Mounting Space) 400 
H950-HC Short Door (Covers 26-1/4 in. Mounting 

Space) 400 

H950-HD Short Door (Covers 31-1/2 in. Mounting 

Space) 400 

H950-HF Short Door (Covers 42 in. Mounting Space) 400 
H950-HG Short Door (Covers 47-l/4>ft. Mounting 

Space) 400 

H950-HH Short Door (Covers 62-1/2 in. Mounting 

Space) 400 

H950-HK . Short Door (Covers 63 in. Mounting Space) 40O 
H950-JA Short Door (Covers 21 in. Mounting Space) 

(used with H952-BA installed) 400 

H950-LA Logo Frame Panel (Aluminum) 400 

H950-LB Logo Frame Panel (Plastic) 40O 

H950-PA Bezel Cover Panel (5-1/2 in.) 400 
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H950-QA Bezel Cover Panel (10-1/2 in.) 400 

' H950-SA Air Filter (for H952-BA or H952 CA) 400 

H952-AA < End Panel (require 2 per cabinet) 400 

H952-BA Stabilizer Feet (Pair) 400 

H952-CA Fan Assembly (Top Mounted) (115 Vac) .. 400 

H952-CB Fan Assembly (Top Mounted) (250 Vac) .. 400 

H952-GA Filler Strip Set (Front and Rear) (Joining 

Two Cabinets) 400 

H952-HA Free-Standing Table 400 

H957-AA Cabinet Frame (Short Size) 406 

H957-BA Full Door (RH) (Rear Mounting) 406 

H9^7-CA Full Door (LH) (Rear Mounting) 406 

H957-DA Mounting Panel Door Frame (RH) 406 

H957-FA End Panel (R end) 406 

H957-FB End Panel (L end) 406 

H957-GA Filler Strip Set (Top, Front, and Rear) 

(Joining Two Cabinets) 406 

H957-HA Fan Assembly (Front or Rear Mounting) .... 406 

H957-JA Bottom Cover Plate 406 . 

H957-I-A Logo Frame Panel 406 

H957-SA Filter (for H957-HA) 406 

H960-BC Cabinet Assembly (Standard Size) ...^ 40O 

H960-CA Cabinet Assembly (Standard Size) .. .' 400 

+f961-A Cabinet Assembly (Standard Size) 40O 

H961-AA Cabinet Assembly (Standard Size) 400 

H967-BA Cabinet Assembly (Short Size) 406 

H984-BA Low-Profile Cabinet, 115 Vac 4O6 

H984-BB Low-Profile Cabinet, 230 Vac 406 

H984-CA Bracket Set to Mount H909-C 416 

H9800-A General Purpose Systems Desk 413 

H0341 . Card Cage Assembly 434 

H8030 Connector Block (72-Pjn) 44O 

H9270 4x4 Backplane Assembly for LSI-11 135 

H9271 4x4 General Purpose Backplane 432 

-K003 Gate Expander r. 394 

K012 Gate Expander 394 

K026 Gate Expander 394 

k028 Gate Expandei^^. 394 

K113 Inverting Gate 394 

K123 Non-Inverting Gate 394 

K124 AND/OR Gate 394 

K134 Inverters , 394 

K135 Inverters 394 

■ K138 Inverters 394 

K161 Binary-to-Octal Decoder 394 

K174 Digital Comparator 394 ^ 

K201 Flip-Flop 394 

K202 Flip-Flop 394 

K206 Flip-Flop Register 395 - 

K207 Flip-Flop 395 

K210 Counter 395 

K211 Programmable Divider 395 
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K220 Up/Down Counter 395 

K230 Shift Register 395 

K265 Reea Relay Driver 395 

K281 Fixed Memory 395 

K282 Diode Memory 395 

K302 Dual Timers 395 

K303 Timer 395 

K323 One-Shots 395 

K371 Clock Control, 200 Hz to 6 KHz 395 

K373 Clock Control, 20 Hz to 600 Hz 395 

K374 Calibrated Timer Control, 0.01 sec to 0.3 

sec 395 

K375 Clock Control, 2 Hz to 60 Hz .. 395 

K376 Calibrated Timer Control, 0.1 sec to 3 sec 395 

K378 Calibrated Timer Control, 1 sec to 30 sec 395 

K501 Schmitt Triggers 396 

K579 isolated AC Input Converters 396 

K580 Dry Contact Filters 363 

K581 Dry Contact Filters 363 

K616 Isolated AC Switches 366 

K652 DC Driver 368 

K657 DC Driver 369 

K658 DC Driver 370 

K675 5-Digit Display 371 

K724 Interface Shell 419 

K943-FP Mounting Panel 430 

K943-WP Mounting Panel 430 

K990 Timer Component Board 397 

KDll-F Microcomputer Module System with 4K 

RAM 126 

-KDll-J Microcomputer Module System with 4K 

Core 128 

KDll-R Microcomputer Module System with 16K 

RAM 128 

KPVll-A LSI ll Power Fail/LTC Generator 155 

KPVll-B LSI- 11 Power Fail/LTC Generator/ 

Terminator 163 

KWVll-A LSI-11 Real Time Clock 134 

M002 Logic HIGH Source 239 

M040 Solenoid Driver 240 

M050 50 mA Indicator Driver 242 

M051 Positive to Negative Logic Level Converter 121 

M060 Solenoid Driver 243 

MlOO Bus Data Interface 121 

MlOl Bus Data Interface 120 

M102 Device Selector 121 

M103 Device Selector 120 

M105 Address Selector 69 

M107 Device Selector 120 

Ml 08 Flag Module 120 

Mill Inverter 245 

M112 NOR Gates 246 
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Ml 13 NAND Gates 247 

M115 NAND Gates 247 

M116 Six 4-lnput NOR Gates 250 

M117 NAND Gates 247 

Ml 19 NAND Gates 247 

M121 AND/OR Gates 251 

M133 2-lnput NAND Gate 252 ' 

M135 Eight 3-lnput NAND Gates 253 

M137 Six 4-lnput NAND Gates 254 

M139 Three 8-lnput NAND Gates 255 

M141 NAND/OR GATES 256 

M155 4-Line to 16-Line Decoder 257 

M159 Arithmetic/ Logic Unit 258 

M161 Binary-to-Octal/ Decimal Decoder 261 

M162 Parity Circuit 263 

M163 Dual Binary-to-Decimal Decoder 264 

M165 8 Buffers 266 

M168 12-Bit Magnitude Comparator 267 

M191 ALU Look-Ahead Logic 269 

M202 Triple J-K Flip-Flop 272 

M203 8 R/S Flip-Flops 273 

M204 General Purpose Buffer and Counter 274 

M205 General Purpose Flip-Flops 275 

M206 General Purpose Flip-Flops 276 

M207 General Purpose Flip-Flops 278 

M230 Binary-to-BCD and BCD-to-Binary 

Converter 280 

M236 12-Bit Binary Up/Down Counter 283 

M237 3-Digit BCD Up/Down Counter 285 

M238 ^ Dual 4-Bit Binary Synchronous Up/ Down 

Counter 287 

M239 Three 4-Bit Counter/ Register 289 

M245 Dual 4-Bit Shift Register 291 

M246 5 D-Type Flip-Flops 293 

M248 ^ Dual 4-Bit Multipurpose Shift Register 295 

M306 Integrating One-Shot 297 

M310 Delay Line ^. 299 

M401 Variable Clock 300 

M403 RC Multivibrator Clock 302 

-M404 Crystal Clock 304 

M405 Crystal Clock 5 KHz to 10 MHz 305 

M500 Negative In put/ Positive Output Receiver .. 122 

M501 Schmitt Trigger 306 

M502 High-Speed Negative Input Converter 122 

M506 Medium-Speed Negative Input Converter .. 122 

M510 I/O Bus Receiver 122 

M521 K-to-M Converter 308 

M594 EIA/CCITT Level Converter 309 

M598 1-Channel Transmit/Receive Optic-Coupled 

Current Isolator 312 

M602 Pulse Amplifier 314 

M611 High-Speed Power Inverter 315 
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M617 




316 


M622 


8- Bit Positive Input/Output Bus Driver .... 


123 f 


M623 


Bus Driver 


120 


M624 


Bus Driver 


120 


M627 


NAND Power Amplifier 


317 


M532 


Positive 1 n put/ Negative Otitput Bus Driver 


122 


M633 


Negative Bus Driver 


122 


M650 


Negative Output Converter 


122 


M652 




122 


M660 


Positive Level Cable Driver 


318 


M671 


M-to-K Converter 


319 


M706 


Teletype Receiver 


321 


M707 


Teletype Transmitter 


326 


M730 


Bus Interface 


120 


M732 


Bus Interface 


120 


M734 


I/O Bus Input Multiplexer 


121 


M735 


I/O Bus Transfer Register 


121 


M737 


12-Bit Bus Receiver Interface 


121 


M738 


Counter-Buffer Interface 


121 


M783 


UNIBUS Drivers 


71 


M784 


UNIBUS Receivers 


72 


M785 


UNIBUS Transceiver 


73 


M795 


Word Count and Bus Address Module 


74 


M796 


UNIBUS Master Control 


77 


M798 


UNIBUS Drivers 


80 


M901 


Flat Mylar Cable Connector 


467 


M903 


Flat Mylar Cable Connector 


467 


M904 


Flat Coaxial Cable Connector 


468 


M906 


Cable Terminator 


475 


M907 


Diode Clamp Connector 


121 


M908 


Flat Ribbon Cable Connector' 


465 


M909 


Terminator 


477 


M910 


Terminator 


478 


M912 


Round Coaxial (TWP) Cable Connector 


468 


M917 


Flat Coaxial Cable Connector 


468 


M918 


Flat Mylar Cable Connector 


467 


M920 


UNIBUS Jumper Module 


470 


M922 


Flat Mylar Cable Connector 


467 


M927 


Round Coaxial (TWP) Cable Connector 


468 


M930 


UNIBUS Terminator Module 


470 


M933 


Flat Ribbon Cable Connector 


468 


M935 


OMNIBUS Jumper Module 


470 


M943 


Flat Mylar Cable Connector 


467 


M953 


Flat Shielded Cable Connector 


469 






469 


M955 


Flat Shielded Cable Connector 


469 


M957 


Flat Ribbon Cable Connector 


465 


M971 


Cable Connector 


473 


M973 


TTY Cable Connector 


473 


M975 


Flip Chip to H854 Adapter 


473 


M976 


UNIBUS Cable Connector 


465 


M981 


Internal UNIBUS Terminator Module 


470 
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M1103 2-lnput AND Gates ' 330 

M1125 Exclusive-OR Gates .... 331 

M1131 2-lnput Open-Collector NAND Gates 332 

M1307 4-lnput AND Gates . 333 

M1500 Bidirectional Bus Interfacing Gates 82 

'M1501 Bus Input Interface 84 

M1502 Bus Output Interface 86 

M1621 DVM Data Jnput Interface 122 

M1623 Instrument Remote Control Interface 122 

M1701 Data Selector 334 

M1703 OMNIBUS Input Interface 30 

M1705 OMNIBUS Output Interface 33 

M1709 OMNIBUS Interface Foundation Module .... 38 

M1710 UNIBUS Interface Foundation Module 89 

M1713 16-Line-to-l-Line Data Selector 336 

MlBOl 16-Blt Relay Output Interface 93 

M2001 Dual 4-Bit Tri-State Registers 338 

M2500 Dual 64-Word x 4-Bit FIFO Memory 340 

M3020 Dual Delay Multivibrators 344 

M4Q50 Crystal Clock 346 

M5864 Optic Isolator, Input 348 

M5960 20 MIL to DEC Converter 352 

M6865 Optic Isolator, Output 355 

M7390 Asynchronous Transceiver 359 

M7800 Single Asynchronous Serial Line Interface 107 

M7821 Interrupt Control Module 96 

'M7860 1-Word Input/Output Device Interface 113 

M9100 Adapter (H854 to-H854) Connector 472 

M9970 H854-to- Backplane Adapter 474 

MMVll-A 4Kxl6 Core Memory .. 128 

MRVll-AA PROM/ROM Memory Unit 128 

MSVll-B 4Kxl6 RAM 128 

MSVll-CD 16Kxl6 LSI-11 MOS Memory 128 

QJVIO-CB LSI-11 Paper Tape Software Package 136 

REVll-A LSI-11 Refresh /Bootstrap/ Diagnostic/ 

Terminator Option 136 

REVll-C LSI-11 Refresh/ Bootstrap/ Diagnostic/ 

Option 136 

TEVll LSI-11 Terminator Module 136 

won Flat Ribbon Cable Connector 465 

W021 Flat Ribbon Cable Connector 466 

W023 Flat Ribbon Cable Connector 466 

W024 Round Coaxial (TWP) Cable Connector 468 

W027 Flat Ribbon Cable Connector 466 

W028 Round Coaxial (TWP) Cable Connector 468 

W033 Flat Mylar Cable Connector 467 

W900 Module Extender Board 445 

W930 Blank Module 442 

W940 Wire Wrappable Module 454 

W941 Wire Wrappable Module 454 

W942 Wire Wrappable Module with Sockets 454 

W943 Wire Wrappable Module with Sockets 454 



499 



TYPE 



TITLE 



Page 



W950 Wire Wrappable Module 454 

W951 Wire Wrappable Module 454 

W952 Wire Wrappable Module with Sockets 454 

W953 Wire Wrappable Module with Sockets 454 

W960 MSI Module Board 373 

W964 Universal Terminator Board 374 

W966 OMNIBUS Wire Wrap Module 42 

W967 OMNIBUS Wire Wrap Module with Sockets 44 

W968 Collage Module Board 444 

W969 Collage Module Board 444 

W970 Blank Module 442 

W971 Blank Module 442 

W972 Blank Module, Copper-Clad on Both Sides 442 

W973 Blank Module, Copper-Clad on Both Sides 442 

W974 Blank Module, Perforated 442 

W975 Blank Module, Perforated 442 

W979 Collage Module Board 444 

W980 Module Extender Board 445 

W982 Module Extender Board 445 

W983 Module Extender Board 445 

W984 Module Extender Board 445 

W987 Quad Module Extender Board 445 

W990 Blank Module 443 

W991 Blank Module 443 

W992 Blank Module, Copper-Clad on One Sides .. 443 



W993 Blank Module, Copper-Clad on One Side .. 443 

W998 Blank Module, Perforated 443 

W999 Blank Module, Perforated ^ 443 

W9301 Wire Wrap Module, Quad ."^ 450 

W9302 Wire Wrap Module, Hex 452 

W9500 Wire Wrap Module, Hex, SPC 447 

W9&01 Wire Wrap Module, Quad, SPC 447 

W9502 Wire Wrap Module, Double, SPG 447 

W9SQ3 Wire Wrap Module, Hex, SPC 447 

W9504 Wire Wrap Module, Quad, SPC 447 

W9505 Wire Wrap Module, Double, SPC 447 

W9511 Wire Wrap Module, Quad. LSi-11 447 

W9512 Wire Wrap Module, Double, LSI-11 447 

W9514 Wire Wrap Module, Quad, LSI-11 447 

W9515 Wire Wrap Module, Double, LSI-11 447 

W9720 Blank Module, Copper-Clad on Both Sides 442 

W9721 Blank Module, Coppel--Clad on Both Sides 442 

W9722 Blank Module, Copper-Clad on Both Sides 442 
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